SOME 

RECENT RESEARCHES 
IN PLANT PHYSIOLOGY 

BY ■■ . . 

W. R. G. ATKINS, M.A., Sc.D. (Duel.), F.I.C., 

ASSISTANT TO THE UNIVERSITY PROFESSOR OF BOTANY, 

TRINITY COLLEGE, DUBLIN 

WiTH,2a 


LONDON 

WHITTAKER & CO. 

% WHITE HART STREET, PATERNOSTER SQUARE, E.Cl 
ANB 64-66, FIFTH AVENUE, NEW YORK 
1916 




PREFACE 


The general aim of the book is to present to senior students 
and investigators the results of recent work in a few of 
those branches of plant physiology which are at present 
attracting attention. Matter already to be found in text- 
books has been almost entirely excluded. 

In order to preserve to some extent a historical method 
of treatnaent, the date is inserted after the name of each 
worker, and is followed by a numeral to show to which 
paper reference is being made in cases where more than, 
one were published in a year. 

By such a presentation of portions of the science which 
are still in a state of rapid growth, it is hoped that further 
investigation will be stimulated. The choice of material 
by the author was, to a considerable degree, influenced 
by his familiarity with certain subjects of general interest, 
portions of which are being studied experimentally by 
the staff of the School of Botany, Trinity College, Dublin. 
Upon these, rather than upon other researches of equal 
or greater importance, he has felt qualified to write, on 
account of his first-hand knowledge of many of the methods 
employed. A small amount of hitherto unpublished work 
has also been included. 

, < ’Throughout ’ the . book quantxtatfye: ^ data,, , have beeU' 
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‘ ' quoted wherever obtamable, as their employment tends 

to counteract vagueness. 

It will be noticed that many of the researches dealt 
with are as yet incomplete, but in a rapidly advancing 
science one is compelled to agree with James Stephens's 
Philosopher’s remarks concerning his stirabout: ‘‘Finality 
is death. Perfection is finality. Nothing is perfect. 
There are lumps in it.” 

In conclusion, I wish to express my great indebtedness 
to Professor H. H. Dixon for his continuous advice and 
, criticism throughout the preparation of the book, and 
for his kindness in reading the proofs. My thanks are 
, also due to Professor Sydney Young for revising Chapter V., 
which deals with osmotic pressure. In addition I am 
under an obligation to those of my friends who gave me 
help by sending me copies of their pax5ers or in other ways, 
and to Miss R. R. A. Colthurst for reading the proofs. 

TiUNiTY College* Dublin,. 
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SOME EECENT RESEARCHES IK 
PLANT PHYSIOLOGY 


CHAPTER I 


THE CARBOHYDRATES OP THE ANGIOSPERM LEAP HV 
RELATION TO PHOTOSYNTHESIS 

The presence of sugars and of starch in green leaves exposed 
to light has been established for many years, yet the relation' 
ship of the various carbohydrates to one another is as yet 
undecided. Sachs pointed out that starch is the first 
visible pi’oduct of assimilation, though he did not deny that 
the immediate source of the starch granules was of the 
nature of a sugar dissolved in the chloroplast. The changes 
preceding starch formation, as well as those concerned in 
its dissolution, were the subject of the classical researches 
of Brown and Morris (1893). These authors give a critical 
summary of previous work, and as this is both readily 
accessible in the original, and has been incorporated in text- 
books, it will not be considered here at any length. 

As the wwk of Brown and Morris laid the foundations of 
the accurate analysis of carbohydrate mixtures occurring in 
plant tissues, and has also been the starting-point for 
several subsequent 'researches, it is advisable to discuss 'its 
results in detail even though they are well known. The 
analytical methods employed will be treated of in a separate 
chapter for the sake of clearness. 
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The Stabch of the Leaf. 

When the above-mentioned research was begun, it had 
been already proved by the work of Bokorny (1891) that 
starch could be produced in the chloroplasts of Spirogyra 
from formaldehyde by suppljdng the alga with a nutrient 
solution containing a compound of formaldehyde united 
with sodium bisiiljihite, which on warming with water is 
hydrolyzed to give the original components in the free 
state. At air temperature the amount of free formaldehyde 
in such a solution is very small, but the supply is con- 
tinuous, for as the substance is removed by the plant more 
is set free by hydrolysis to restore the disturbed chemical 
equilibrium. By thus ingeniously avoiding poisonous con- 
centrations of the aldehyde, Bokorny show^ed that starch 
was formed by Spirogyra majuscula in the absence of any 
other possible source. This alforded evidence in favour of 
Bayer’s. view that plant carbohydrates are formed by 
polymerization and condensation of formaldehyde. But 
the intermediate steps remained quite unknown, while even 
the first one could not be regarded as conclusively estab- 
lished. Accordingly the problem which presented itself to 
BrowT .1 and Morris was to determine what sugars w* ere 
utilized by the chloroplasts in the formation of starch, and 
what the down-grade pj^oducts w^ere when starch w^as 
brought into solution for respiration or translocation. In 
addition to this they had to examine the possibilit}^ of the 
formation of starch without intermediate sugar, for there 
was no conclusive evidence on this point, although J, A, 
Bohm (1877, 1883) and A. Meyer (1886) had shown that 
starch could be elaborated by leaves in the dark and in 
absence of carbon dioxide. Bohm found that the ehloro- 
plasts of the leaves of seedlings of Raphanus safknis, 
Lepidmm sativum, and Phaseolus muMfiorus, which still 
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contained reserve materials of the seed within their other 
tissues, could form starch under the above-mentioned con- 
ditioiis. Both Me3'er and Bohm demonstrated the exist- 
ence of starch in leaves, which had been completeljr 
depleted of it, when they were subsequently cut into strips 
and floated on the surface of sugar solutions. Experiments 
of this type have proved that both the chlorox)iasts of the 
mesoph^dl and the aniyloplasts of tissues devoid of chioro- 
ph^dl are able to form starch from sugars. These results 
however, do not negative the possibility of direct starch 
formation, though thej^ render it highly improbable. 

Browm and Morris first of all turned their attention to 
the determination of the starch in the leaf, and the pro- 
portion it bears to other products of assimilation. To 
obtain the material for comparative experiments they 
adopted Sachs's half-leaf and template method, thereby 
obtaining similar and equal areas» In the case of Eelian- 
lima annuua, it was shown that the probable error of the 
method amounted to about 1 per cent., the leaf tissue of 
the right-hand halves weighing 40*53 grammes per square 
metre, the remaining halves giving 40*96 grammes. 

As an example of the degree of accuracy of their chemical 
iiianipulations the following experiment is quoted : Working 
with 10 grammes of dry leaf powder, two similar anatyses 
aflorded 6*408 per cent, in one case, and 6*545 per cent, of 
starch in the other. The leaves were those of Tropceolum 
majua, picked after a sunny day and quickly dried. They 
were usually found to contain from 3*5 to 7*5 per cent, 
of starch calculated on the dry weight. Leaves W’^hicli 
•were kept for sixty^three hours in darkness, with their 
petioles in water, showed a loss in starch amounting to over 
two-thirds of that present at the time of picking, and 
are therefore rapidly depleted of their stored starch under 
such conditions. . . • ,, ;■ ^ . 
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Other experiments proved that during a period of eight 
hours’ sunshine on a sunny day in August the leaf of 
TropiBoium stored the products of assimilation at the rate of 
0*9 gramme per square metre per hour. Comparison of this 
result with the determinations of starch per square metre 
(per day of tw^elve hours) — viz., from 1*33 to 2-01 grammes — 
shows that the latter must represent only a small propor- 
tion of the material assimilated. In one case the observed 
increase in starch between 5 a.m. and 5 p.m. amounted to 
i-40 grammes; the increase in total products of assimilation 
was 8*56 grammes per square metre, and in a parallel 
experiment on , cut leaves this exceeded 12 grammes. 
These figures furnish strong evidence against Sachs’s view^ 
that aU the assimilated products pass through the form of 
starch. But as to the intermediate steps no evidence was 
adduced. 

It has since been shown by Thoday (1909) that there! 
are serious errors in Sachs’s template method, owing to the 
alterations in size undergone by any given area when the 
turgor conditions of the ceils change. Thoday advocates 
the marking out of equal areas in some sort of ink upon the 
leaves when under similar conditions, and considers that 
comparisons should be made between such well-defined 
, portions at the end of insolation. The corrections that such 
modifications of the technique would occasion could not, 
however, alter the argument based upon the researches of 
Erowm and Morris, though the quantitative results would 
be slightly different* 

The Diastase oe the Leae. 

They next examined leaves for the presence of an 
enzyme, diastase, capable of hydrolyzing starch, and 
obtained evidence of its 'existence, though the variations in ; 
its activity from one genus or species to another were very ’ 
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greii.t. Adopting' as a unit the amount of maltose, ex- 
pressed in grammes, which 10 grammes of the air-dried 
leaf will produce from soluble starch by hydrolysis in forty- 
eight hours at 30° C., they compiled a table in which the 
relative diastatie activities varied from 240-30 for Fisum 
satimim to 0-267 for Hydrocharis morsus-rance. The latter 
is, however, unusually low*, and this abnormality was subse- 
quentl}?' found to be due to the marked inhibitory action of 
the tannin contained in the leaves. With the exception of 
the case of Hydrocharis, far more diastase was present in the 
leaves examined than was requisite to transform all the 
starch in them within a moderate period of time. Thus, 
leaves of Pisum sativum contain sufficient diastase to 
hydrolyze twenty-four times their own dry weight of 
starch wdthin forty-eight hours. Comparative experiments 
show^ed that this represents about one-third the activity of 
an average quality of barley malt. The Leguminosas have 
high diastatie activity; they also form starch readily. On 
the other hand, certain of the Liliacese form little or no 
starch, and are ver^;^ poor in diastase. Thus there is a 
relation between the starch-producing and the starch- 
dissolving power of plant tissues. The presence of tannin 
is not as effective an inhibition in the living plant as in 
dried leaves, for during life it is retained in separate cells 
or portions of cells. 

Further experiments showed that the diastatie activity 
of leaves undergoes periodic variations, increasing during 
darkness or wffien the sugar content of the leaves is small. 
Brown and Morris brought forw^ard an hypothesis to account 
for the production of the enzyme by the protoplasm, basing 
it on the observed relation between diminution in sugar 
content and increase in diastatie activity. They regard a 
poor sugar-supply as a hunger stimulus, prompting the 
protoplasm to form or liberate diastase. ■ ' It was, however', 


'6 SOM® BEOBOT EBSBAECHES ' IB- PLABT PHySIOLOOY 

found that the action of leaf diastase upon solid starch 
granules -was often not very marked, especially when the 
starch and diastase were obtained from the same plant. 
Thus the first stages of the action on the starch granules 
seem to be dependent upon the life of the protoplasm, or 
the presence of an enzyme not easily extracted. To sum 
up, however, it seems justifiable to conclude that the 
diastase of the leai is largely concerned in the dissolution of 
starch for the four reasons which follow: (1) Diastase occurs 
constantly and abundantly in leaves. (2) Its amount 
appears to depend upon the occurrence of starch. (3) Its 
increase and decrease shows a remarkable periodicity, 
(4) This periodicity is correlated with the appearance and 
disappearance of starch. 

The Sugars of the Leaf, with Special Refbrebce 
TO Teopmolum Majus, 

Idebtifioatiob abb ' Estimation of Leaf Sugars.— ' 
At the time when Brown and Morris began their researches 
it was known from the work of Kayser (1883), A. Meyer 
(1885), Schimper (1885), and Keim (1891), that reducing 
sugars and a non-reducing sugar, cane-sugar (sucrose or 
saccharose), existed in leaves. Estimations of these had 
been made by means of Fehiing’s solution, which is reduced 
by glucose, fructose, and maltose, but not by cane-sugar. 
Meyer had also shown that leaves which contain little or 
no starch, such as those of Ins germanim. Allium cepa, etc., 
are relatively rich in sugars when compared with starch- 
forming leaves. 

Brown and Morris selected the leaves of Tropmolum 
majus as suitable for their object, to determine the up-grade 
and down-grade products of assimilation, and to ascertain 
the forms of sugar employed in translocation, respiration, 
and cell growth. In this leaf they detected only the four 
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sugars — glucose, r/-friictose, sucrose, and maltose. Two 
separate analyses of the dried leaf gave the following results : 


TABLE I. 

PERCISNTAQiSS OJF SUGARS IN TROPJSOLTJM LbaF, CALCULATED THE 

Dry Weight. 



a. 

b. 

Sucrose 

. . 3*24 

3*39 

Glucose (dextrose) \ 

. . 4*69 

[2-41] 

.'i-Priictoso (levulosc) / 

\2*lSj 

Maltose. 

, . 0*76 

0*61 


8*69 

■8*59 


This table shows the nature of the accuracy to be expected 
in other analyses. 

The presence of maltose was proved not only by the 
analytical details of the sugar determinations, but also hj 
the preparation of its characteristic osazone, and by the 
determination of the nitrogen content of the latter. The 
increase in reducing power of the mixture of sugars, when 
treated with maitase after previous complete inversion 
with invertase, ah’ords additional evidence of the existence 
of maltose in the leaf, for maitase has no hydrolyzing action 
on any carbohydrate other than maltose. 

Changes in Cabbohydrate Content bite to Insola- 
tion, — The diurnal changes in the carbohydrate content 


may be seen from Table II., in which under a is given 
the analysis of leaves picked from the plant at 5 a.m. ; 
under 6, that of leaves plucked at 5 a.m., and insolated 
with their petioles in water till 5 p.m,; and under c that 
of leaves plucked at 5 p.m. The day chosen was fairly 
bright and sunny. 

It will be noticed that the amount of starch in the cut 
leaves, has not increased to so great an extent as in 
those attached to the plant, though the sugars have 
increased very markedly. This result was always obtained 
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by Brown and Morris. It is not clear why the starch should 
be less in the plucked ixisolated leaves than in those still 
attached, and the large amount of maltose in the attached 
leaves is equally hard to interpret. Perhajis it entered 
through the petioles. No mention is made of the possible 
passage of sugars from the petioles of the plucked leaves 
into the water in which they were standing. This loss, 
whatever its magnitude, would only go to increase still 
further the differences between b and c. The altered con- 
ditions of turgor in b as compared with a and c may have 


TABLET!. 

Caebohybbates m Tropjsolum Leaf. 


Starch . , 
Sugars: 
Sucrose 
Glucose 
Fructose 
Maltose 


Total sugars per cent. 


some influence on the results, through a change in the con- 
centration of the cell sap. This effect could, however, 
hardly reverse the relative concentrations in b and c, for 
b is more than twice as rich as c in sucrose. 

The great rise hi the sugar content of b is due to the 
sucrose and fructose, as the maltose has diminished and 
the glucose remained almost constant. T his the authors 
regard as pointing to sucrose as the principal up-grade 
sugar, rather tlian a hexose sugar as commonly believed 
at the time. They explain the increase in fructose as due 
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to hydrolysis of sucrose, the glucose produced by that 
reaction having been largely used in respiration. To test 
this latter point they record two sets of analyses of leaves 
picked after a bright warm day — a, dried at once; and 6, 
kept in the dark for twenty-four hours with petioles in 
water. One of these tables is quoted below : 


TABLE III. 

Carbohydrates m Tbop^olitm Leaf. 


Starch 

Sugars: 

Sucrose 

Glucose 

Fructose 

Maltose 


Total sugars per cent. 12*15 9*' 

Total loss of sugars and starch in 5 = 6*93 per cent. 


The great loss in carbohydrates experienced by the leaves 
kept in the dark is accounted for as due to the respiration 
of the cells. In addition the relative amounts of the 
carbohydrates have altered considerably. The loss has 
fallen chiefly upon the starch, though sucrose and maltose 
have sunk to less than half their original quantities. Qn 
the other hand, both glucose and fructose have increased. 
Thus, during darkness starch is hydrolyzed to maltose, and 
finally to glucose, which, together with glucose and fructose 
obtained by the inversion of sucrose, is used for respiration; 
The accumulation of fructose in excess of glucose points to 
the latter as being respired or used for tissue formation 
more readily than the former. 

Previous work by these authors (1890) had shown that 
sucrose far surpasses all other carbohydrates in bringing 
about starch formation, when it is used as a nutrient for the 
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ciiltiYation of bariey embryos. This loointed to sucrose as 
an antecedent of the formation of starch, and the experi- 
ments on Tropseoium strengthen the theory. Thus, Brown 
and Morris regard sucrose as the first sugar to be formed 
in the green leaf as a product of assimilation. Its removal 
is effected either by its conversion into starch as a more 
stable reserve substance, or by its inversion to give the 
easil.y respirable hexoses. 

It may here be pointed out that this transformation of 
sucrose into starch sets a major limit to the osmotic pressure 
obtainable in the leaf ceUs; for whereas sucrose is a crystal- 
loid, starch is a colloid, and exerts a negligible osmotic 
pressure. Measurements of the changes in pressure caused 
by the insolation of plucked leaves were made by Dixon 
and Atkins (1910) by determining the freezing-point of the 
expressed sap by the thermo-electric method. The follow- 
ing table is typical of the results obtained. Under a are 
recorded the depressions of freezing-point in degrees, under 
P the osmotic pressures calculated from A, while under M 
are tabulated the mean molecular weights of the sap 
solutes. 

TABLE 17. 

Byringa vulgaris : Leaves. 


Description of Sample. 


(a) Gathered and pressed im- ! 

mediately . . . . 

(li) Gathered, insolated for 1| 
hours in a breezy posi- 
tion, with petioles in 
water, then pressed . . 
(c) Gathered and kept in dark 
for two days, with ’ 
petioles in water, then j 
j>ressed . . . . . . j 
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Here the rise, owing to insolation, is very marked — vk., 
from 17*12 to 25*68 atmospheres. Some of this must be 
attribut,ed to concentration by loss of water, as at the end 
of the experiment a few^ of the leaves had begun to wilt. 
The last column, however, shows that this concentration 
can only account for a small portion of the observed rise, 
from 17*12 to 18*66 atmospheres. It is interesting to see 
that the mean molecular weight of the sap solutes hardly 
alters at all, for sucrose and maltose have identical molec- 
ular w^eights, 342, whilst that of glucose and fructose is 180. 
Other constituents of the sap lower the mean, as values far 
below those of the sugars are frequently obtained. The 
diminution of osmotic pressure is not, of course, a measure 
of the total consumption of carbohydrates during darkness, 
for hydrolysis of starch keeps up the supply of maltose. 
From the table of sugar analyses just quoted it may be 
calculated that the ratio of the number of gramme molecules 
of the sugars present before and after twenty-four hours in 
the dark is 0*0411 to 0*0419 respectively. This would, of 
course, ;prodiice a rise of pressure, and would quite parallel 
a similar experiment by Dixon and Atkins in which the 
osmotic pressures before and after twenty -four hours’ 
darkness were 14*61 and 14*76 atmospheres. In another 
table given by Brown and Morris the alteration in molecular 
concentration of sugars is from 0*0436 to 0*0381 after 
twenty- four hours, which accordingly causes a fall in 
osmotic jmessure. Table V. which follows further illus- 
trates these changes. The leaves were picked, and each 
leaf was halved. The halves were then employed in the 
comparative experiments. 

The most striking result is that the osmotic pressure in 
the control has not varied at all, though from the work of 
Browui and Morris it is certain that a complicated series of 
changes has been taking place in the leaf sugars. The 
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small increase In mean molecular weight in the last two 
experiments is probably due to the production of maltose, in 
the unfiitered sap and intact leaves, at a rate sufficient to 
mask the decrease due to inversion of sucrose and respiration 
of the hexoses. The fall in pressure of the unfiitered as 
comj)ared with the filtered sap is explicable by the action 
of respiratory enzymes. Such comjiarisons betw^een the 
analyses of sugar content on the one hand, and determina” 
tions of osmotic pressure and mean molecular weight on 
the other, serve to impress one with the delicate balance 


TABLE V. 

Syringa vulgaris : Leaves, 


(3) Sap pressed, not filtered, kept, j 
and examined next day . . i 
(li) Half-Ieaves kept in dark, examined I 
next day . , . . . . . | 


maintained by the living cells of the leaf throughout the 
cycle of chemical transformations taking place from day 
to day. ^ 

Tlentification of Sugars by Means of Phenyl- 
hydrazine AND ITS Derivatives. 

The identification of sugars in plant tissues was later 
studied by Senft (1904), who employed phenylhydrazine 
with aqueous acetic acid. As is well known, glucose and 
fructose afford the same phony losazone. which crvstaJlizes 




Dmcription of Bamfle, | A. 

WMm 


(a) Half -leaves: ; 



(1) Sap pressed and examined im- 1 i 



mediately . . . . . . ; 1*424 ^ 


211 

(2) Sap pressed and filtered, kept, j ; 



and examined next day . . i 1*540 I 


210 
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out even from hot solutions in characteristic clusters and 
sheaves of yellow needles. The monosaccharides yield 
these crystals in the cold, the disaocharide sucrose only 
after inversion by prolonged heating of this acetic acid 
reagent. Maltose, on the other hand, gives a phenylosazone 
which crystallizes in very minute rosettes of needles, or 
narrow plates, which are soluble in hot water. The reaction 
with maltose necessitates heating on a water-bath for an 
hour and a half. If a large excess of sodium acetate be added 
to the solution it may be boiled without fear of inverting 
the sucrose, and so the time required for obtaining the 
gliicosazone is greatly diminished. This affords a method 
,for the microchemical detection of sugars. Grafe (1905) 
further enlarged the scope of this method by the . intro- 
duction of secondary asymmetrical methylphenyihydrazine 
CAx 

which gives osazones only with ketonic 
CH/ ' . 

sugars after five hours at room temperature. For exami- 
nation of microscopic sections of tissues the reagents may 
conveniently be made up with glycerine instead of water, 
as the sugars are less soluble in the former, and it does not 
evaporate so readily. In this manner Mangham (1911) , 
proved the presence of maltose in sieve tubes of the bast of 
certain angiosperms. [See also Mangham (1915).] 

The Distbibution of Suoabs ahd Sucboolastic 

Enzymes in the Beet. 

Making use of the microchemical method just described, 
Strakosch (1907) studied the distribution of sugars in the 
sugar beet, Beta vulgaris. He found that glucose is con- 
tained in the cells of the mesophyil, and that it is the only 
sugar present. Diffusion of glucose into the veins is fol- ; 
lowed by the appearance of fructose in them. Sucrose is 
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then formed there from the two hexoses. Furthermore, 
when leaves have been kept in the dark till depleted of all 
their starch, on exposure to light it is again formed in the 
chloroplasts before sucrose appears. Maltose occurs only 
in the leaf petiole, along with glucose, fructose, and sucrose. 
The latter is the most important, and travels to the root, 
where it is stored, 
sugars into sucrose takes place in i '. 
when the leaf is placed in the dark 
remarked. 


The transformation of the hexose 
the light, , and ceases:' 
~ X . This, . it may ; be 
is probably rather an eifect of the cessation of 
the production and accumulation of glucose than of the 
action of light as a protoplasmic stimulus. 

The above conclusions as to glucose being the first sugar 
of photosynthesis are confirmed by a few quantitative 
estimations of the sugars. An extract of the mesophyii 
from which even the finest veins had been excluded, was 
^ound to contain 0-154 per cent, of dextrose, but only 
0-02O per cent, of sucrose, the latter probably being derived 
from very fine veins which had been overlooked. On the 
other hand an extract of the veins with some of the 
inesophyll lying between them contained 0-118 per cent, 
o. glucose and fructose combined together with 0-538 per 
cent, of sucrose. Thus, the results obtained bv Strakosch 
aie quite opposed to the conclusion of Brown and Morris 
that sucrose is the fii-st sugar of photosynthesis. 

Ihe glucose theory received further support from the 
researches of Robertson, Irvine, and Dobson (] 909) on the 

sryf • 

rail ^^at invertase is absent from the beet- 

root, in which sucrose is stored. Kastle and Clark fl903) 
•owever, demonstrated its presence in the potato "and 

major part of the_ carbohydrate reserves. Diastase 
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intilase were also found in these storage organs., in presence 
of their respective substrates, but in smaller quantities than 
''waadhvertasev.'; ■■ 

TABLE VI. 

Enzymes of Beta vulgaris . 



Leaf, 

Stem, :j 

Root, 

Invertase 




'v'-' 

h ''.j 

0 

Diastase 

, , 

. . 


r'V/ . 'V. 


-f 

Maltase 

, , 


. » 


v:'f 


Inulase 


. , 




-h 

Emnlsin 




".0" , 




Bnbertson, Irvine, and Dobson, obtained from 4 to 6 per 
cent, of sucrose by treating invert sugar with a turbid 
liquid or sludge prepared by straining leaves macerated 
with water through fine muslin and precipitating with 
alcohol. The change was studied with the polarimeter, and 
after inversion with acid the original rotatory power was 
recovered; thus there can be little doubt that sucrose was 
produced. Hudson (1914) has, however, shown that pure 
invertase has absolutely no synthetic action. 

Prom the results of his analyses of beet leaves picked 
before sunrise and late in the afternoon, Ghard (1883, 1884) 
concluded that sucrovse was the principal sugar to be directly 
formed in sunlight, and that it alone w^as stored in the root. 
From his table quoted below it may be seen that, while the 
hexoses remain fairly constant, sucrose increases to a marked 
degree upon insolation. 

It may be mentioned that in a recent paper Colin (1914) 
controverts Girard’s statement that sucrose only is found in 
the beetroot, for he has found in it a small quantity of a 
reducing sugar, which decreases in amount as the plant 
grows older. It may possibly be that in some varieties of 
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beet there is no reduciBg sugar in the rootj whilst in others' 
snch a sugar is present. ■ This would be comparable to the 
occnrrenee of maize grains with and without sugar. The 
striking results obtained by Pearl and Bartlett (1911) upon 
the segregation of such qualities as starch contentj moisture 
content, sugar content, ash content, nitrogen content, fat 
content, etc., according to Mendelian laws of heredity, are 
of great interest in this connection. Colin also found that 
at the base of the petiole of the beet the ratio of reducing 
sugar to sucrose, was greater than unity, and he concludes 
that the root receives both types of sugar, though only 
sucrose is stored in quantity. Ruhiand (1912) had 
previously noticed 'this, and pointed out that in the beet 
sugar is translocated mainly as invert sugar. 

Girard heads his last column, ''To 100 of Glucose’'* — 

' viz.', hexoses — not' being aware of the possibility of the 
existence of maltose 'in 'the leaf when- starch^ is, being dis- 
solved during the night. The maltose present would tend 
to make the value given for the reducing sugars too low, 
for they were calculated as hexoses ; and also to lower the 
true value of the ratio of sucrose to hexoses, for the latter 
now appear higher in amount owing to the erroneous 
inclusion of maltose. These errors are, however, not of 
great magnitude, for Strakosch has detected maltose only 
in the petiole, though, as starch exists in small quantity in 
the leaf, maltose must be present also; the presence of 
maltase and diastase point to its existence there too. 

The results of Table VII. do not necessarily bear the 
interpretation given to them by Girard, but fit in quite as 
well with that of Strakosch. For it is obvious that, once 
a certain concentration of glucose is reached, it will diffuse 
into the veins, and may there result in an equilibrium mix- 
ture of glucose and fructose. Combination of these hexoses 
to form sucrose, and the translocation of the latter ■ tO'- the 


Analyses of Beet Leaves. 
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rootj sets a limit to the osmotic pressures attainable by the 
cells of the leaf parenchyma. 

Maquenne (1895) investigated the causes of the passage 
of sucrose from leaf to stem in the beet, and found that, by 
pressing sap from each organ and determining its f reezing- 
point, values were! obtained for the osmotic pressures in 
which those of the leaf were usually a little lower than those 
of the root. His table of results shows, moreover, how 
closely osmotic equilibrium is maintained in this plant. 
It must be noted, how'ever, that his figures are only 
relative, not absolute, for it has been pointed out by 
Dixon and Atkins (1913, 1) that, unless the protoplasmic 
membranes of ceils are rendered permeable by some 
method, treatment with liquid air being the most reliable, 
the concentration of the expressed sap varies with the 
degree and duration of pressure. In contradistinction to 
Maquenne these authors found that as a rule the osmotic 
pressure obtaining in the cells of leaves is greater than tha»t 
in the roots. Maquenne gives it as a general rule that 
any substance formed in a ceil may accumulate when its 
formation occasions a fall in osmotic pressure. 

TABLE VIII. 


■ Date, ■ :• ■ 1 

A. 

'-1 

P. 

If. 


f 1-082 j 

13-01 

i 214 

Marcii, 1910 j Beta vulgaris, root , . j 

1 1-090 

13-11 

' 215 


1 1-041 ' 

12-52 I 

202 


Maquenne’s determinations were made, presumably, in 
the height of summer. The above measurements by the 
author (1910) agree closely with them. The point of 
special interest Is the low value for the mean molecular 
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weight,. M, of the sap solutes. This shows that the total 
osmotic pressure can only be due in part to sucrose, though 
it is the only sugar present normally in the mature root in 
any considerable quantity. 

These measurements were made without previous 
treatment of the roots with liquid air. Accordingly they 
are somewhat too low, as previously pointed out. Inspec- 
tion of Table 9 makes this point clear. In it is also recorded 
the electrical conductivity of the sap, expressed as recipro- 
cals of the conductivity in ohms. Under Ae is given the 
depression of freezing-point occasioned by the electrolytes; 
this is calculated from the conductivity C, as explained in 
a subsequent chapter. A - Ae therefore represents very 
approximately the depression produced by the non- 
electrolytes, which consist almost exclusively of sucrose in 
this case. 

TABLE IX 


1 Beta vulgaris, root : 

I Pressed untreated 
I Pressed after free- 
zing in liquid air 


Since a 1 per cent, solution of sucrose^ lowers the 
freezing-point of water 0*054*^, it may be seen that a 
depression of 1*484"^ due to n'on-electroiytes points to the 
existence of slightly over 27 per cent, of sucrose in the sap. 
The difference of under 3 per cent, in the electrical con- 
ductivity ill favour of the untreated tissue may be put 
down to a local difference, or it may be partly due to the 

* The depression produced by a 1 per cent, solution of glucose or 
fructose amounts to 0* 106°. ' ' ■ 


- 20 SOME BECEOT BESEABCHES IN FLANT PHYSIOLOGY 

greater viscosity of the solution richer in sucrose tending to 
give too low a value for the conductivity. However, even 
if the conductivity were as high as 800 x mhos, a very 
high value for a root, the calculation would still show over 
25 per cent, of sucrose. This result has been arrived at on 
the assumption that even for such considerable depressions 
the simple relationship of molecular concentration to 
depression still holds. This, of course, is not strictly 
accurate. 

The Caebohydeates of the Snowdrop. 

In 1911 appeared the final results of Parkin's work on the 
carbohydrates of the foliage leaf of the snowdrop {Galanthus 
nivalis). This plant and some other monocotyledons are 
peculiar, inasmuch as they store no starch in the leaf, 
except a negligible amount in the guard cells of the 
stomata. Accordingly, as starch is not present, it is to 
be expected from the results of Brown and Morris that 
maltose will be absent. This surmise was completely 
borne out, and it was ascertained that in this leaf no carbo- 
hydrates were present other than glucose, d-fnictose, and 
sucrose. The problem of the origin of the first carbohydrate 
of photosynthesis may thus be very dii*ectly attacked. 

Preliminary analyses made it clear that the snowdi’op 
leaf is very rich in sugars, which amount to from 20 to 30 
per cent, of the weight of the dried leaf, or from 4 to 6 per 
cent, of the fresh leaf. The total carhoh^T-drate content of 
the Tropseolum leaf, including starch, is from 14 to 18 per 
cent, of the dry weight. Thus there is a large balance in 
favour of Galanthus. It was also found that in any leaf 
the amount of sugar increases from above downwards, and 
at the same time the ratio of sucrose to the hexoses dimin-* 
ishes. This may be seen from Table X. subjoined. 

In leaves picked from plants growing in clumps the 
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liexoses are usually more abundant than the sucrose^ but 
the change in the ratio from above downwards remains 
much the same. This excess of hexoses in leaves not 
brightly illuminated may perhaps, be taken as support- 
ing Strakosch’s view that transformation of hexoses to 
sucrose takes place only in light. As before pointed out, 
the present writer is of the opinion that this conclusion is 

TABLE X. 

Leaves of Snowdrops growing in Open Order. 


if Lectf taken. 

Total 
Sugar, in 

Ratio of 
Sucrose to 

Grammes. 

Hexose. 

1: Upper halves 

22*93 

1:0*57 1 

Lower „ 

2 : Upper halves 

24*4(> 

1:0*6 fl 

19*26 

1:0*5 1 1 

Lower „ 

3 : Upper halves 

21*40 

1:0*75 / i 

24*03 

1:0*65 \ : 

, Lower „ 

24*36 

1:0*82 / i 


April 11, 1906, 
7 p.m. 

April 12, 1907, 
nooa. 

March 30, 1910, 
. 2.30 p.m. 


not justified by the experimental data, for the accumulation 
of dextrose seems a more immediate cause of the conden- 
sation to sucrose. 


The Ratio of Sucrose to Hexoses. 

Another result of great interest was established by Parkin 
— nainety, that the proportion of sucrose to hexose 
decreases as the season advances. This Table XI. makes 
very clear. The ratio recorded is calculated, taking the 
amount of sucrose as unity. 

The ratios cannot be correlated with the daily tempera- 
tures, and no very satisfactory explanation is forthcoming. 

■ Girard's work on the beet leaf shows that in it hexoses are 
always largely in excess of sucrose.' His analyses were 
made in August and September. ' ' ' 
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One as yet nnnoticed deduction from the aboTe table is 
that it points to a progressive increase in osmotic pressure ' ? 

as the season advances even though the total percentage ‘ 

of sugars may remain unchanged* This follows because for 
I'" a given "weight of sugar a hexose exerts nearly twice as great lj 

a pressure as suerosej owing to its smaller molecular weight. ■ 

The assumption is here made that the sugars are dissolved 
in equal weights of water, which is approximately true, for 
the leaf cells are always almost fully distended. Part of 
the increase in osmotic pressure with the age of the leaf, ’ 

attributed by Dixon and Atkins (1912, 2 and 3) to the 
accumulation of salts, may possibly be due to this change 
in the nature of the stored sugars. 

i; Diubhal Changes in the Sugabs, op the Snowdeop. |1' 

The anaiysevS of beet leaves by Girard previously quoted 
• are quite paralleled by those obtained by Parkin for the ; 

i snow'drop, for he finds that during any single day of the 

i spring the percentage of hexose sugars in the leaf remains 

; fairly constant, no matter what hour out of the twenty-four j;; 

the leaves may be examined. The sucrose, on the other ! 

hand, fluctuates greatly. It increases during the day and 
i diminishes during the night. Further, leaves detached 

and insoiated contain decidedly more sucrose than their i;| 

controls. Parkin, performed comparative sets of experi- || ; 

ments on the following : l-l 1 

, (a) Leaves picked in the morning with those gathered in i ? ' 

I the afternoon. |j 

!' (b) Leaves picked in the evening with those gathered the | 

following morning. , . ^ ' || 

(c) Leaves detached from the plants with those attached, ^ ;|j 
both being kept in the dark overnight. 


(d) Leaves detached and insoiated with those left 
attached 
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The following typical experiments, quoted from a large 
niiiTiber recorded by Parkin, formed the data from which 
the previously quoted conclusions were drawn : 

(а) April 8, Carlisle : Maximum shade temperature, 
58° F. ; ininimum temperature previous night, 32° F. 

TABLE XII. 

,8.15 es.m.. '■ 4.15 
8*88 12*92' " 

9*40 , I0-74' : ^ 

Total sugar .. .. 18*28 23*56 

The total increase is nearly 5J grammes, ver3^ largety 
due to sucrose. 

(б) April 5 and 6, Carlisle: Maximum shade temperature, 
58° F.; minimum during the night, 39° F.; maximum 
shade temperature on 6th, 52° F. 

TABLE XIII. 


Sucrose 

4.30 p.m. 

Noo7i Next Dmj, 

14*65 

7*80 

Hexose 

13*66 

13*29 

Total sugar 

28*31 

21*09 


The plants were covered, when the first lot of leaves w^as 
gathered from them, and kept in darkness till the time of 
taking the second batch the following noon; thus no 
avssimilation could take place. 

Nearly 7 grammes of sugar have disapjDeared, due solely 
to reduction in the sucrose. The hexose has remained 
almost constant. The conditions were favourable for the 
translocation of sugar. 

The following experiment gives an indication of the 
amount of sugar disappearing from the leaf otherwise than 
by tianslocation. The plants were in a darkened frame 
overnight. 

(c) March 7 and 8, Cambridge: 


Sucrose 

Hexose 
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TABLE XIV. 

StiGARs IN Snowdrop Leaves, as Percentages of Dry Weight. 



! ■ 

1 

9.30 a.m., Sth, 


' 4 'p.m., 1th. 

■' ' ' ' 

Attached Leaves. 

Detached Leaves, 
with Petioles in 
. Water. . 

Sucrose . . 

i'~ 

14*65 

9*04 

'12*51 

Hexose , . 

: , . 5*48 ,| 

5*67 

5*65 

Total sugar 

.20-13 1 

15*31 

,. ,■',18*16 , 


Here the hexose is again practically constant, while the 
sucrose has diminished by nearly 5 grammes in the attached 
leaf, and by 2 grammes in the detached. Thus 3 grammes 
has certainly been lost by translocation, leaving 2 grammes 
to be accounted for by respiration and diffusion from the 
cut ends of the petioles. 

(d) April 0 , Carlisle: Maximum shade temperature, 
58° E. ; sunny morning and dull afternoon. Insolation 
after cutting of leaves, from 9.30 a.m. to 4.30 p.m. 



Iiifl 


1 ^ 


TABLE XV. 


Attached Leaves. Detached Leaver. 
Sucrose . . . . . . 14*65 20*42 

Hexose 11*66 10*50 


Total sugar . , . . 26*31 30*92 

In this series the plucked leaves were insolated while 
standing in dishes containing water placed beside the 
control plants. The leaves were spaced so as to permit of 
good illumination, and were maintained in an upright posi- 
tion. The object of the experiment was to ascertain to what 
extent sugar accumulated in the leaf when translocation 
was prevented, and to see which sugar was most affected. 
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It may be seen that the accumulation of vsucrose owing 
to prevention of translocation is considerable, and that 
the hexose has fallen somewhat. 

Another important conclusion reached by Parkin is that 
as a rule ^^-fructOKse is in excess of glucose in the leaf of 
Galanthiis. Thus, out of fifty-two duplicate analyses the 
fructose and glucose were present respectively in the ratio 
of from 1 : 0*4 to 1 : 0*76 in forty-seven, whilst in the 
remaining five the ratio was from 1 : 1*01 to 1 : 1*06. 
From the details of the separate estimation of each hexose, 
which he did not publish, he concludes that the proportion 
of fructose to glucose tends to rise during the night, when 
naturally photosynthesis is in abeyance, and also to increase 
from above downwards in the leaf, being especially large in 
the colourless basal iiortion. This excess of fructose over 
glucose agrees with the results of Brown and Morris obtained 
with Trojiseolum. These , authors consider that glucose is 
more readily respired than is fructose. That glucose should 
be less plentiful than fructose is hard to account for, 
according to the views of Strakosch, though on the assump- 
tion made by Brown and Morris, that sucrose gives rise to 
both by inversion, and that glucose is used up more readily, 
the experimental results are easily explicable. Presumably 
the excess of fructose goes to form the inulin which is stored 
in the bulb. On the other hand, the increase in the pro- 
portion of fructose from above downwards is quite in 
accordance with the work of Strakosch, as this change is 
supposed to take place in the veins. 

The Effects of Prolonged Darkness upon the 
Carbohydrates of Leaves. 

Further experiments showed that prolonged darkening 
of the leaves never results in anything approaching complete 
exhaustion of the sugars, as the supply is evidently made 
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good by translocation upwards. The depletion never 
amounted to more than two-thirds of the original quantity 
of sugar present. The results of Dixon and Atkins (1910) 
on the osmotic pressures of leaves kept in darkness for 
many days are quite in accord with Parkin’s sugar 
analyses, as may be seen from their measurements sub- 
joined: 

TABLE XVI. 
t::iyringa vulgmis : 


Date of 
GatheriTig, 


Description of Sample. 


Sept. 17 j (a) Covered 2 days, gathered 
I sunny morning 

I (6) Exposed control. Sun- 
shine on previous days, 
5*4 and 7*5 hours .. 

„ 22 {a) Covered 7 days, gathered 

dull morning . . 

I (6) Exposed control. Sun- 
1 shine on previous days, 

I 6-5, 3*4, 7*4, and 0*7 

i hours . , 

9? 30 I [a) Covered 12 days, gathered 

! bright morning 

I (5) Exposed control. Previous 
j two days wet . . 

Oct. 9 I (a) Covered 2l days, gathered 
j bright morning 

I (6) Exposed control. Sun- 
* shine on previous days, 

1*9, 4*4, 5*5, 7*3, 3*8, 
and 0*2 hours . . 


Here translocation, and in the earlier stages the pro- 
duction of maltose, made good the sugars lost by respira- 
tion. The low values for the darkened leaves gathered dii 
September 30 may be explained as due to the failure of the 
other leaves to supply their deficiencies, owing tp conditions 
unfavourable to photosynthesis having prevailed. Thus 
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tile osmotic pressure falls, and also the mean molecular 

weight, since the percentage of sugars in the sap solutes 
has diminished. That the exposed control has normal 
values is probably due to rapid assimilation during the 
early morning. 

SuMMAEV OF EesTJLTS OF EesEAECHES ON THE 

Snowdeop. 

On the whole. Parkin’s Work confirms that of Brown and 
Morris in indicating sucrose as the first sugar to be formed 
in photosynthesis. It must, however, be pointed out that 
mere accumulation of sucrose is not in itself direct evidence, 
as this may be equally well explained according to the views 
put forward by Strakoseh. With his work, that of Parkin 
on the constancy of the hexoses is in good agreement. To 
the present writer the excess of fructose over glucose, and 
the almost entire absence of the latter sugar at times of 
rapid photosynthesis, are more telling facts in favour of 
^e sucrose theory. The experiments of both Strakoseh and 
Parkin point to sucrose as the sugar which is chiefly con- 
cerned m translocation downwards, whereas Brown and 
Morris believe that before translocation the sucrose is 
inverted. 

The Ditjenal Cabbohydeate Cycle op the Mangold. 
The first investigation on the cycle of changes taking 
place daily in the fohage leaf was that of Campbell (IQl*?) 
earned out in 1910, though not published till over a yelr 
^atei. He analyzed the carbohydrates of the mangold 
{Beta rmnUrm) leaf. The methods employed for this 
puipose were such as to give comparable results, thouo-h 

they were not rigorously accurate. One possible source of 

appears to have been over- 
looked. This occurred in the concentration of the extract 
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from 50 graimaes of cbiopped-up leaves, wMch. was ^vapor-' 
ated down to about 20 c.c, THe great liability to iiydro- 
lysis of sucrose under these conditions has been xDointed out 
by G. A. Browne (1912), This error would vary with the 
time occupied by each extraction, and would lower the 
sucrose content and raise that of the hexoses. Bearing in 
mind this possible source of a fluctuating error, it remains 
to consider the results obtained, which are of great interest. 

Leaves were collected every two hours of the twenty -four 
in the middle of Sej)tember. The quantities of carbo- 
hydrates found are recorded in Tables XVII. and XVIII., 
from which the graphs have been constructed. 

Prom the tables and graphs it is seen that the hexoses 
do not appear to fluctuate very much, but there is an 
approximately constant percentage throughout the day, 
and a somewhat lower percentage during the night. The 
curve rises suddenly between 4 a.m. and 6 a.m. (sunrise 
being at 5-30 a.m.), and falls between 6 p.m. and 8 p.m. 
This points to a quick response of the leaf towards light, 
shown by hexose formation. The constant level at night 
seems to indicate that the hexoses are not largely concerned 
in translocation. 

The sucrose varies from about 0*5 to 2*5 per cent. The 
rise begins about sunrise, and continues till sunset, when 
there is a rapid fall. The curve, however, lags behind that 
of the hexoses by about an hour. 

It is also found that the starch varies much in the same 
way as sucrose, though its curve lags slightly behind that 
of the latter in the morning, and continues to rise till mid- 
night. As to its* formation during darkness two views must 
be coxisidered-~”that it arises from {a) the hexoses, thus 
producing the fail to their night level, and from the 
hexoses originating from inversion of the sucrose ; 
or (6) the sucrose present at nightfall, together with 
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that formed from the hexoses in falling to their night 
level. These two views are diametrically opposite to each 
other, but it is clear that the first involves the direct trans- 
formation of some hexose into starch, and regards sucrose 
either as a temporary reserve or transport sugar. The 
second looks upon sucrose as the primary sugar on the 
direct road to starch, or, if not the primary, at any rate as 
an indispensable prerequisite of starch formation. The 
former view is practically that of Strakosch, The apparent 
increase in the total carbon after darkness seems to be due 
to the material having an unusually high starch content 
through want of uniformity in the samples. 

The behaviour of maltose, which increases as starch 
decreases, is entirely in agreement with the view of Brown 
and Morris, that it is a down-grade product of starch. 

Review of Results of Resbaeohes oh the Mahgold. 

On the whole OampbeiFs researches indicate that hexoses 
are formed before sucrose, and soon attain a maximum. 
Then sucrose increases, and, after reaching a certain limiting 
value, begms to be transformed into starch. This agrees 
with Strakosch's theory in regarding a hexose as the 
primary sugar of photosynthesis, but regards sucrose as a 
necessary stage in starch formation. The latter appears 
to the present writer to be an unwarranted conclusion, as 
the limiting concentration attained to by the sucrose may 
be readily explained as due to its rapid translocation. The 
ease with which darkened leaves form starch when supplied 
with nutrient solutions of various sugars suggests that 
starch may be formed directly from difierent sugars in 
different species of plants. It has, however, been empha- 
sized by Lundegardh (1914) that the system Sugar ^ > 

Starch is not a simple reversible reaction governed by the 
lav's of mass action ; for increase of the sugar content of the 
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vacuoles brought about by piasmolysis does not necessarily 
lead to an increase in starch, and may even lead to its dis- 
appearance. The regulation of the process appears rather 
to be one of a very complicated nature depending upon the 
amount of sugar and synthetic enzyme in the cytoplasm, 
and upon the quantity of such enzyme secreted by the 
latter under the influence of stimuli of which we are as yet 
totally ignorant. 

The researches of Campbell on the mangold are being 
continued and extended by Davis and Daish (1913 and 
1914), who have as yet only published details of their pre- 
liminary work on an exhaustive examination of the many 
sources of error in such analyses.’^ 

Summary op Evidence as to the First Sugar op 
Photos YNTHEsis . 

It has been established that leaves supplied with glucose, 
fructose, galactose, sucrose, maltose, or lactose, all form 
starch, but those supplied with sucrose produce starch 
somewdiat more readily than do those which are placed in 
solutions of the other sugars. Thus, unless the protoplasm 
or enzymes bring about very rapid isomeric changes and 
condensations resulting in the appearance of sucrose from 
each of the other sugars, there is reason to believe that 
starch may be built up from many different sugars. 

Maltose is universally regarded as a down-grade product, 
arising from starch and giving rise to glucose. 

Of the hexoses, fructose and glucose, it appears that the 
latter is more readily respired than is the former, and so in 
the absence of any source of either the ratio of glucose to 
fructose decreases. 

Sucrose on hydrolysis by invertase yields i-fructose and 
Mr. Daish has since been wounded in ilanders. 
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glucose, and there is a certain amount of evidence in favour 
of the view that this process is reversible, and that sucrose 
may be formed in the plant from glucose, with the isomeric 
rearrangement of glucose to give d-fruotose as an inter- 
mediate step. It has, however, been shown by Hudson 
(1914) that pure in vertase has no synthetic action. 

Whether glucose or sucrose is the first sugar to be formed 
in photosynthesis must be regarded as an open question for 
the present. Furthermore, it has never been proved that 
the behaviour of all plants is similar in this respect. 

The presence of both hexoses and sucrose in the cholo- 
piasts of the leaf of Elodea canadensis has recently been 
demonstrated by Bixoxi and Mason. 






CHAPTER II 

MliiTHODS OF ESTIMATING CAEBOHYBRATES IN PLANT 
EXTRACTS 

In forming an opinion of the value attaching to the results 
of carbohydrate analyses, due regard must be paid to the 
accuracy of the methods employed in obtaining them. It 
is with the object of doing this, as weii as because the 
methods themselves are frequently of biological interest, 
that the present chapter has beeia inserted.*^ 

Pbepahation op Material and Analysis according to 
Brown and Morris. 

The estimations may be based upon the fresh or dry 
weight of tissue taken. In either case it is necessary to 
extract with a solvent. The particular method of extrac- 
tion em23loyed is of great im^Dortance, shice the carbo- 
hydrates are readily attacked both by the naturally oc- 
curring tissue enzymes and by acids. 

Confining the problem to the analyses of mixtures of 
starch, maltose, sucrose, glucose, and fructose, it is obvious 
that the first-mentioned can readily be separated, so that 
extracts contain only the sugars. 

Brown and Morris (1893) tried to make use of juice 
expressed from the leaves, but, finding that there was a 
difficulty in calculating the sugars back to the dry weight, 

For detailed information a textbook such as Browne's Handbook 
of Sugar Analysis" should foe consulted, or the original memoirs should 
be read. 
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and aMo becanse enzyme actions were in progress in siicli 
sap, thdy abandoned tbe method. 

More Yecentiy Dixon and Atkins showed by physical, 
methodsj (1913, 1) that sap pressed exit never repre- 
sents the true composition of that in the ceils, unless 
their prd^toplasm has been made permeable by immersion 
of the tissue, in liquid air. For the application of pressure, 
whilst rupturing some cells, results in a progressive increase 
in concentration of the. sap solutes in the intact ones, as 
the liquid pressed out through the cytoplasmic semi-perme- 
^ able lining is an approximation to pure water. 

Brown and Morris, abandoning the use of pressed sap, 
finally adopted the following procedure: The leaves were 
dried quickly on wire-bottomed trays in a steam-oven. 
The high temperature soon checked enzyme action, though 
this had a short period of considerable activity. Also the 
natural acids of the leaves became greatly concentrated 
during the desiccation. Rapidity of drying lessened, but 
did not entirely get rid of, these sources of error. 

Extraction of the dried material with ether removed fat 
and chlorophyll. About 10 grammes was then extracted 
with 80 per cent, alcohol for twenty-four hours at 40-45®. 
Further extraction for a like period was followed by wash- 
ing by decantation. The spirit was then distilled off after 
neutralization with ammonia to prevent any invertive action 
of vegetable acids. The residue, after addition of water 
and evaporation to remove all alcohol, was cleared with 
basic lead acetate. The latter served to remove tannin, 
amino-acids, and proteid materials, which would affect the 
subsequent determinations. 

After filtration, the excess of lead acetate was removed 
by treatment with hydrogen sulphide and further filtra- 
tloxi and washing. The solution thus obtained was ana- 
lyzed as described in the next section. , . 
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Analyses of Brown and Morris. 

The opticity and cnpric reducing pov/er wi^h Fell- 
ling^s solution were determined in the usual maiiiK^i’. 

2. After inversion at 50*^ to 55° with prepared iavertase, 
the opticity and cupric reducing-power were again deter- 
mined. 

3. Another portion was inverted with 3 c.c, . concen- 
trated hydrochloric acid for 50 c.c. of solution, by boiling 
for three hours, these being the proportions recommended 
by Elion for the estimation of maltose. After neutraliza- 
tion with sodium hydrate the solution w^as made up 
100 C.C., and its opticity and reducmg-power ivere 
measured. 

From 1 and 2 the amount of sucrose may be calculated, 
and that of maltose from 1 and 3 after allowing for the 
sucrose. The quantities of each of the two hexoses may 
also be found from these data, for after subtracting the 
reducing-powers and angular rotations due to the disac- 
charides, those of the hexoses remain. Now, since there 
are two unknowns and two equations, the amounts may 
be evaluated by ordinary algebraical treatment as follows ; 

Let a; = weight of glucose and weight of fructose, 
X and Y being their respective reducing-pow^ers (viz., the 
weight of cupric oxide reduced by 1 gramme of the 
sugar; this varies according to the manner of reduction 
adopted and the ty^^e of solution used). Again, denoting 
their respective optical activities as and we 

obtain two equations. 

1. aX + yY = grammes weight of CuO per number of 
c.c. taken. 

• ^“Observed rotation in degrees 
in 100 millimetre tube at 20°. 


r7 




METHODS OF BSTIMATIHG CABBOHYDRATES 


These equations are, of course, quite general, and different 
investigators have inserted different values for the con- 
stants. Brown and Morris used the same factor for the 
reducing-power of glucose and fructose, for simplicity, but 
did not believe the values were identical. 

Some of their analytical data have already been quoted, 
and serve to show the degree of concordance of which their 
method is capable. For determining the freights of .sucrose 
and maltose they made use of tables which they had very 
carefully prepared for Fehling's solution. 

Their work has recently been criticized by Davis and 
Daish (1913) on two points. The first of these was 
the manner of extracting, involving the use of dried 
material, and the second was the estimation of mal- 
tose by inversion with hydrochlotic acid. The improved 
methods will be given in the description of the work of 
Davis and Daish. 

The presence of maltose, deduced from the change in 
reducing-power and opticity after prolonged hydrolysis, 
was further confirmed by the preparation of its osazone, 
by treating the leaf extract with phenylhydrazine ace- 
tate and separation of the less soluble giucosazone. The 
recrystaliized osazones were found to have the percentages 
of nitrogen required by their formulae on the assumption 
that they were giucosazone and maltosazone respectively. 

In determining the starch of leaves. Brown and Morris 
found a slight modification of O'^Suilivan's (1884) method 
to be very reliable. The leaf residue, after extraction with 
ether and alcohol, is boiled with water to gelatinize the 
starch, which is then hydrolyzed by diastase at 50° to 55° 
for about two hours, yielding glucose, maltose, and dextrin. 






, 
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Analytical Methods of Parkin. 

The procedure adopted by this and all subsequent 
workers followed in the main the general outlines of that 
of Brown and Morris. But owing to the fact that starch 
is absent from snowdroji leaves^ the ana]3^ses were greatly" 
simplified, as this involves the absence of maltose also. 
The material used was dried as rapidl^y as possible. To 
check this method, similar leaves were frozen in liquid air 
and analj'zed after extraction. The results quoted liere 
show that drjT-ing has not resulted in any very appreciable 
inversion of sucrose, for the proportion of sucrose to hexose 
is greater in the liquid-air-treated material than in the 
air-dried. It is, however, to be noted that the small loss 
in sugars shown by the air-dried sample, falling as it does 
chiefly on the hexoses, is probably to be explained as due 
to respiration of the leaves before the destruction of the 
oxidases, especially as this type of enzyme is stable up to 
comparatively high temperatures. Parkin (1911) attrib- 
utes it to a more complete extraction of the fresh pulp. 
The amounts recorded are the weights of sugar for 100 
grammes of dry leaf. 

Cold water was used for the extractions, and after ex- 
tracting four times it was found that only about oner 
fortieth part of the sugars was left in the tissues. This 
does not interfere with the comparative nature of the 
results, but they are not absolute values. It was found 
that in the extraction about 0*5 gramme of sucrose, per 
100 grammes of dry leaf, was inverted by the small quantity 
of invertase which had escaped destruction at the high 
temperature. This error affects the absolute values, and 
it may have a small effect upon the relative figures. 

Another point in which Parkings procedure differed from 
that of Ms ' predecessors "^as in his omitting to remove 
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excess of basic lead acetate^ added as a clarifying agent. 
He took the precaution of adding this reagent cautiously;, 
so that there was but little excess. Under these con- 
ditions he found that the rotation even of the fructo>se was 
not appreciably a:ffeeted, whilst on the other hand a small 
loss in total sugars follow^ed the treatment wdth hydrogen 
sulphide. Thus, apparently, Parking's results are free from 
any serious objection on the score that they were obtained 
with leaded solutions. At the same time my own experi- 
ence has been that, when dealing with sap pressed from 
leaves and centrifuged to remove debris, it is quite im- 
possible to avoid adding excess of the basic acetate, for the 
whole solution becomes a yellow slimy mass. 

TABLE XIX 

CoMPiiBisoN OF Air-Deied axd Prozex Leaves. 


Fresh Leaf. 
{Grpund tip after 
Liquid-Air Treat- 
ment.) 


Air -Dried Leaff 
Control, 


Bxpt. r. Expt. IT. I Expt. I, ! Expt. IT. 


>Sttorose , . , . . . ! 12*84 10*46 12*74 10*42 

Hesoses (redaemg sugars) . . j 5*94 12*87 5*67 12*38 

Total sugar .. ' 18-78 23-33 18-41 22-80 

Ratio of sucrose to hexose . . , 1:0*46 ; 1:1*23 1:0-44 1:1*19 


Parkin employed the tables of Brown, Morris, and Millar 
(1897), for his reducing sugars, and, since maltose was 
absent, inverted the sucrose with hydrochloric acid under 
Clerget conditions — namely, by heating 50 e.c. of solution 
with 5 c.c. of concentrated hydrochloric acid for fifteen 
'minutes 'at a temperature rising to 68®. ’ . ' . ' 
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These reduction methods were checked by fermentation 
with yeast, when it was found that no substances optically 
active remained in the solutions. The error arising from 
the slight cupric reduoing-power of sucrose in presence of 
hexoses was avoided by first estimating the sucrose from 
the loss of rotation through hydrolysis. 

The Methods of the Rothamsted Experimental 
Station. 

Since the researches of Strakosch (1907) and Mangham 
(1911) were almost entirely microchemicai and qualitative, 
the next reasearch requiring mention is that on Beta 
maritima, the mangold. This was begun by Campbell 
(1912) and continued by Davis and Daish (1913, 1914). 

Campbell found that drying at 100®, or killing with 
chloroform., ether, or toluene, before drying, greatly influ- 
enced the sugar content. The plan finally adopted was 
to immerse the chopped-up leaves in boiling alcohol, after 
removal of the midrib, and to begin the extraction at once. 
The percentage of dry matter was determined in another 
portion. Extraction was continued till all colouring 
matter was removed from the leaves, as it was found that 
this corresponded to complete extraction of the sugars. 
The solution was then concentrated with removal of the 
alcohol, and estimated by Pavy's solution, after clarify- 
ing by heating for a few seconds with alumina cream or 
Jcieselgulir and filtering. Inve.rsion of sucrose was effected 
by boiling for seven minutes with 2 per cent, citric acid, 
and that of maltose by further hydrolysis of a diluted 
portion with 10 c.c. of concentrated hydrochloric acid for 
an hour. The results so obtained are admittedty not 
absolute, but it is claimed that they are comparabie. The 
starch was estimated by O^Suilivan^s diastase method after 
gelatiuization. It must-be noted that ail these 4etermi|ia..“ 
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tions were made volumetricaily and without use of the 
polarimeter, and. so glucose and fructose are classed together 
as liexoses. The method of clarification adopted, too, was not 
thorough . However, as the very interesting results obtained 
depend for their significance on fairly large carbohydrate 
fluctuations, they are probably substaiitialiy accurate. 

Davis and Daish, in continuing the mangold experi- 
ments, began with a critical examination of the methods 
employed in carbohydrate estimations. They tested the 
tables of Brown, Morris, and Miiiar> emplo.ying pure and 
carefully dried sugars, and obtained agreement -with the 
tables to within 1 milligramme on the weight of copper 
used, which the authors regard as the probable degree of 
accuracy of their method. 

In doing this they prepared their asbestos much in the 
manner recommended by Munson and Walker as described 
in C. A. Biwvne's “ Handbook of Sugar Analysis."" Special 
attention was drawm. to the seriousness of the errors arising 
from neglect of this precaution. Davis and Daish, however, 
do not seem to have been aware 6f Mmison and Walker"s 
procedure, and arrived at it independently. 

Their manner of weighing the copper as cupric oxide, 
after heating for half an hour in a Gooch crucible protected 
from reducing gases by a large outer crucible of porcelain 
or nickel, is both accurate and very convenient. It was 
adopted by Wilson and Atkins in testing Kendali"s (1912) 
sugar tables. The agreement obtained with the tables was 
very close, though Kendall estimated the copper by means 
of his modification of the iodide volumetric method (Ipll), 

With regard to volumetric methods, Davis and Daish 
criticize that of Bertrand adversely both on the score of 
accuracy and rapidit 3 \ That of Ling and Rendle (1905), 
however, wes found to be accurate to at least 0*3 per cent., 
and also quite rapid, ^ 
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To 'invert a pure 0*5' per ; cent, sucrose solution, these 
workers found it sufficient to boil for ten minutes with 
2 per cent, crystalline citric acid, and their analyses by 
Ling's solution substantiate this statement. However, 
Davis and Daish pointed out that the sodium acetate 
usualty present in dedeaded plant extracts so lessens 
the ionization of citric acid as to require a concen- 
tration of 10 per cent, to effect inversion by boiling for ten 
minutes. This 10 per cent, is over and above an addition 
of sufficient suliDhuric acid to cause the solution to have a 
faintly acid reaction to methyl orange. 

Estimation of Maltose. 

Experiments with maltose showed that digestion of 
25 c.c. of a dilute solution with 1 c.c. of autolyzed yeast 
for three hours at 40"^ did not result in the hydrolysis of 
any of this sugar. Treatment with 10 per cent, citric acid 
produced slight hydrolysis, of the order of 1 per cent. In 
the presence of sodium acetate and sulphuric acid, as before ^ 
described, the hydrolysis is considerably less. In their 
analyses, however, they adopted both the invertase and 
citric acid methods of hydrolysis for sucrose, and thus 
obtained a double check on their accuracy. Both the 
Clerget and Herzfeid conditions result in the hydrolysis of 
considerable quantities of maltose, so they were not em- 
ployed. Kluyver (1914) has stated that this criticism of 
the Herzfeid method is not justified, but Davis in his repty 
(1914) has completely upheld his own position. 

The action of hydrochloric acid upon maltose was very 
exhaustively studied by Davis and Daish, for, as is well 
loiown, only 98 to 99 per cent, of the theoretical ^deld of 
^/-glucose is obtainable owing to the formation of levulinie 
acid and humus substances. As a result of their work 
with various concentrations of acid and at several tempera- 
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tureSj they state that this method is totaEy inapplicable to 
the analysis of plant extracts, owing partly to this destruc- 
tion of glucose, but chiefly to the far more serious loss of 
fructose which takes place. 

Their maltose estimations were carried out, therefore, as 
follows: The extract, clarified as usual, is de-leaded by 
sodium carbonate and hydrogen sulphide in succession, 
though the former affords a sufficiently complete removal 
of lead for ordinary chemical methods. The excess of 
hydrogen sulphide is removed by bubbling air through 
the solution, and finally by addition of ferric hydroxide. 
Sterilized portions are then fermented with pure cultures 
of the maltase-free yeasts, Saccharoniyces marxianus^ 
cmomalus and S, exigwus, and in duplicate with baker's 
yeast. Fermentation is complete at the end of three to 
four weeks at 25^. The reducing-power of the solution is 
then determhied after clarifying with alumina cream and 
boiling to remove alcohol. 

The fermentation in the first three cases leaves the 
maltose untouched, the two with baker's yeast are carried 
out to remove the maltose also, and thus to enable a small 
correction to be applied for the reducing-power of the un- 
fermentable pentoses present. 

Of these d-ribose has been shown by Levene and Jacobs 
(1909) to be an essential constituent of the nucleus, and 
arabmose, xylose, and methyl-pentoses, may also occur in 
small quantities. On the whole the methods of Davis and 
Daish leave little to be desired on the score of accuracy, 
but are very laborious. It cannot, however, be expected 
that such complicated mixtures will ever be analyzed with 
both rapidity and accuracy, and in research work the latter 
is essential. More recently Daish; Davis, and Sawyer, 
(1914, 2 and 3) have studied the reducing-power of pentoses 
and their estimation in plant extracts* ! ' 
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■Estimation OP Starch. 

J or the estimation of starch they make use of powdered 
taka-diastase (1914), for this converts it into maltose and 
glucose, without leaving any dextrin. By a combination 
of reduction and polarimetric methods it is possible to 
obtain the data for equations of the type employed to 
calculate the proportions of each present in a mixture of 
glucose and fructose. After the substitution of the maltose 
constants for those of fructose, the separate amounts may 
be determined, and the starch originally present may be 
found from these. 

The objection to O^Sullivan^s method is that though 
basic lead acetate (when, carefully prepared, I venture to 
add) does not itself precipitate dextrin, yet when the latter 
is present in solutions in which a precipitate is produced, 
as in the purification of those obtained from diastase con- 
versions, a portion of it is carried down with the precipi- 
tate. The Sachsse method, as modified, and adopted as 
official in the United States of America, is unreliable, as 
actual destruction of glucose occurs during the prolonged 
treatment with dilute hydrochloric acid. Furthermore, 
such a procedure is especially objectionable in the case of 
plant material, for pentoses arise during it from the pen- 
tosans of the cell walls. 

Davis and Daish also point out the necessity for special 
car^ in sampling the material, and for the removal of sub- 
stances soluble in water, such as gums, which are optically 
active and introduce errors into the polarimetric readings. 

The Estimation oe Eebxjcino StraABs by the 'Methods 
OE Benedict and E:endall. 

For the volumetric determination of reducing sugary 
the citrate solution proposed by Benedict (1908) has been 
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found to be accurate and rapid. KendaU (1912) tried to 
adapt this solution for gravimetric determinations, but 
found it nnsatisfactory. As it seemed to Kim desirable 
to_ obtain a reagent of a more stable character than the 
ordinary Fehiing solution as 'used by Brown, Morris, and 
Millar, also by Mnnson and Walker, and one which would 
give a larger yield of cuprous oxide for the weight of glin 
cose emplo;ved, seiies of trials were carried out, A 
solution of copper sulphate, potassium carbonate, and 
salicylic acid, was found to be very suitable, as it showed 
no reduction even after seven hours at 100"^. The amount 
of copper reduced b}^ Kendalhs method is about half as 
great again as with Fehling's solution. Furthermore, the 
solvent action of the carbonate upon cuprous oxide is very 
much less than that of the hydroxide. Kendall prepared 
tables for glucose, invert sugar, lactose, and maltose. 
These have been supplemented 'by one for fructose con- 
structed by x4.tkins and Wilson. 

- KendalFs solution is, I believe, capable of giving very 
accurate results. For example, /a certain weight of pure 
glucose, of known moisture content, afforded a figure for 
the weight of cupric oxide, whteh, differed by 0*0002 gramme 
from that recorded in the table. This was obtained with- 
out any previous experience of the technique, at a first 
trial. It is not advisable, however, to employ this solution 
in cases w^here citric acid has been used to invert sucrose, 
for low results are always obtained. These, however, are 
strictly comparable inter se* 


The 'Limitbb' Oxidatioh oe Suoabs by Bbomihe. ' 

It has recently been shown by Nef (1914) that ketonic 
and aldehydie sugars may be separated by the action of 
bromine in the cold. In this way he states that the latter 


48 SOME EECENT EESEABCHES IN PLANT PHYS^LOGY 

may be qaan’titatively oxidized to aldonio aoidS;, while the 
former remain nearly or quite unattacked. Atkins and 
Wilson have tested the possibility of employing oxidation 
with bromine in the quantitative estimation of mixtures 
of sucrose, maltose, glucose, and fructose. They found 
that, after standing eight days in the dark in a solution 
saturated with bromine, fructose remains almost entirely 
untouched, as shown by its reducing action on KendaiFs 
solution. The removal of excess of bromine was effected 
before analysis, by the cautious addition of suljphurous 
acid till the solution became colourless. Blank experi- 
ments show that, in the absence of sugars, the above 
procedure does not give rise to an^r reduction. 

Maltose, on the other hand, is completely oxidized, and 
glucose is almost entirely destroyed. Sucrose is inverted 
during (or before) the bromine treatment, and the glucose 
it yields is oxidized, but the fructose remains. 

Thus it is clear that, by means of bromine, glucose and 
maltose may be largely removed, also the glucose resulting 
from sucrose. Accordingly the reducing-power of the final 
solution is due mainly to fructose. Since the sucrose can 
be determined separately by inversion with invertase, it is 
possible to subtract, from the total fructose that wk.ich arose 
from sucrose. In this rnaimer the reducing-pow’^er due to 
the fructose originally present can be approximately deter- 
mined, and since the sucrose is already kiiown, it remains 
only to determine the glucose and maltose. For these, 
after making the j^roper allowances for sucrose and fruc- 
tose, both the values of optical activity and reducing -pow'er 
are known, and so, having tw^o equations and two unknowns, 
a solution can be obtained by the ordinary algebraical 
methods. ■ 

For purposes of accurate analysis, however, it is not 
allowable to assume ^that fructose is untoiielied. For 
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under conditions such that aU the maltose (and about 
98 per cent, of the glucose) is destroyed, it is found that 
about 3 per cent, of fructose has also disappeared. Aceord- 
ingly it is necessary to proceed as follows: Quantities of 
the three reducing sugars, glucose, fructose, and maltose, 
are weighed out and treated separa.telj with hionune, 
maintained as a saturated solution, for some convenien 
period— about sixty-six hours— at 16°. By this jn'oeedure 
the major part of the glucose and maltose is destroyed, 
whhst the fructose is only slightly diminished m quantity. 

The following three equations may then be obtained, so 
it is possible to solve for the three unknowns. 

The original rotation of the solution — 

(1) 100 (X = a [a]“sr .h b [a]“/ -f c D0“ 

where a, b and c are the original amounts of the sugars. 
The initial reducing -power, in tei-ms of cupric oxide— 

(2) w "dh'g-hbJc f+ eJe 

in which k'„ h'j and k'n represent the weights of oxide 
obtained when definite quantities, say 0-1 grannne, of the 
various sugars are used. 

After treatment with bromine, only quantities ak,,blc„ 
and ck„ are left. The final reducing-power wfil then be— 

( 3 ) w' = ahg h' - 1 - bkj k'f + ck„ k . 

It is more convenient to determine the final reduemg- 
power than the final rotation, since the oxidation products 
Le opticaUy active and corrections have to be made fo 

the rotation due to them. . . , 

If in other experiments the time or temperatme is vaned 
sliahtlv, it is possible to substitute new values of kf,ana 
A: ^ or to correct k, and k„ by a fresh determmation of 
This method is being carefully tested. [See note, p^ o2.1 
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The Dbteemination oe Moisthee and 
THE Pbepaeation OP Anhydeoijs Sdbstanoes. 

In inalving put tables of the reduciug-powers of sugars, 
it has been usual to dry the material to be tested in a 
desiccator over sulphuric acid, and to introduce a correc- 
tion for the small amount of moisture still retained in it. 
The latter is only removed after special treatment, such as 
heating ni vacuo to temperatures from 00° to 110°, accord- 
ing to the substance being dried, and by using phosphorus 
pentoxide to absorb the water vapour. It is, however 
obviously preferable that the whole sample should be an- 
hydrous, as, especially with crystalline substances, it is 
never quite certain that the moisture is uniformly dis- 
tributed. For example, sodium chloride, when prepared 
as a fine dry powder, crackles when heated, owing to the 
inclusion in the minute crystals of still more minute drop- 
ets of water. In this ease the moisture can of course be 
removed by fusing the salt, but with many organic sub- 
stances even prolonged drying in air at 100° results in 
oxidation to a more or less serious extent. 

To remove water under conditions which preclude oxida- 
iloonf destruction of thermolabile substances, Shakell 
(1909) recommends the freezing of the tissue or extract 
and Its evaporation as ice under reduced pressure. This 
method appears to be a very perfect one for drying the 
inatenaf sufficiently to prevent bacterial action, and it may 
even be possible to obtam anhydrous tissues in this manner 
though, so far as the writer is aware, Shakell’s aim was only 
to preserve the constituents of serum and antitoxins un- 

When dealing with substances which are not injured by 
heatmg to 80° in absence of air. Atkins and Whson 
(1915), however, have found it possible to remove water 
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entirely by the following , modification of 'YGiiiigts well- 
1 known nietliod for the preparation of aleoliols :aiid other 

I ikpikls ill the anhydrous state. ■ Young distils the aicoholj 

! containing .a little water, with benzene, through his 

j evaporator stillhead with, eight or more sections. At, 

\ first a turbid ternary mixture of constant boiling-point 

I comes over at 64-85'^. This contains almost all the: 

I water, a large percentage of benzene, and some alcohol, 

i Theii the temperature rises to about 68'^, and the 

‘ last traces of water are removed as a little of the 

i ternary mixture passes over, together with a small 

quantity of a binary mixture of alcohol and benzene. At 
68*25° the distillate is the pure binary mixture of constant 
' boiling-point. Finally the temperature rises to 78*3°, the 

boiling-point of the pure alcohol; or if benzene has been 
t added in excess it rises to 80*2°, the boiling-point of pure 

i benzene. To obtain anhydrous fructose, for example, it is 

; only necessary to add some of the powdered solid to the 

j distillation flask. This is dissolved by hot alcohol (99 per 

! cent.), and is then distilled from a water-bath with benzene. 

If the quantities have been suitably chosen, by reference to 
Young’s Fractional Distillation,” at the end of the dis- 
tillation anhydrous fructose remains partly as a solid and 
partly in solution in hot alcohol. The alcohol can be 
I ' readily removed in a vacuum desiccator. In some cases 
it is preferable to have benzene in excess, so that at the 
end the solid is dissolved or suspended in the liquid. With 
a substance which remains suspended in alcohol, such as 
starch or cellulose, the method is equally applicable. Its 
use over a more extended range of substances is being 
examined. It is of course desirable to test the anhydrous 
nature of the products by carrying out moisture deter- 
minations in the usual manner by drying over phosphorus 
pentoxide in vacuo. 
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The determinatioB. of the percentage of water in a tissue 
may accordingly be carried out by placing it in a weighed 
flask, and distilling with alcohol and benzene. In such 
cases it is advisable to protect the end of the stillhead 
from being splashed by the alcohol containing extracted 
matter. When the flask has been distilled as nearly to 
dryness as possible, it is disconnected and the remainder of 
the Kquid distilled away without a condenser, tlie entrance 
of moisture being prevented by a drying tube attached to 
the cork. The difference between the original and final 
weights is the weight of water and other volatile sub- 
stances, if any, lost during the treatment. 

This method appears to offer possibilities for determining 
water of crystallization in many cases, and may be of use in 
deciding whether it is present as '' water of crystalliza- 
tion ’’ or as water of constitution.’’ 

Note. — It has been found that since errors are largely 
magnified in the equations for three unl?:nown quantities 
given on p. 49, the best results appear to be obtained hj 
choosing the conditions so that glucose is almost entirely 
removed as well as maltose. The residual reducing-power 
of the glucose compensates for the slight loss of fructose 
when the two are present in anything roughly approaching 
equal amounts, A small correction can be introduced for 
the residual glucose. 



CHAPTER III 

E CARBOHYDEATES OE THE THABLOPHAXA ANB 
BRYOPHYTA in RELATION TO PHOTObY.MHE.Ab 

relationships of the carbohydrates of the angiospem 
to one another are already kno%TO, though by ^ 
pletely. At the present tinre, however, the ^ 

fi Jnroduct of a carbohydrate nature to anse durmg 
groups of plants has hard y 

*1. Yet it is a problem of 
itself, but also from a consideia- 
be expected to throw upon the more 


photosynthesis in the lower 
been seriously discussed at a.U. 
great interest, not only in i 
tioii of tli6 ligh t it nia^y 

tions of the various membeis of this class. , ^ 

phytes the distinction between assimilating and conducting 
L»b i, fcequently «. very mdi«t|inot o„e, 
sometimes non-existent. Accordingly, i is qu l ' 
that the disaccharides sucrose and maltose which are th 
forms in which sugars are most frequently translocated 
may be absent in some oases, and that starch may y 
action of a special type of diastase afiord glucosn on y on 
hydrolysis. Eor example, whilst ordmary malt dmstase 
venerates dextrin, maltose, and glucose, by its 
Starch taka-diastase, derived from the fungus EuroUum 
ojmcc,’ hydrolyzes starch to maltose and glucose 
to ItsLode'of action has been shown to cons^t both of 

a diastase and maltase. ^ , the^cquisi- 

a.r.« nnlv useful in so far as they lead to the acquis 
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tion of analytical data which have a direct bearing on the 
subject, Eesearches with this end in view are at present 
in progress in the laboratories of Trinity Collegej Dublin. 

Now, while it is quite possible that there is no one sugar 
which is, in every class of plants, the first to arise during 
photosynthesis, yet^ since the intake of inorganic carbon is 
a fundamental necessity, it is tempting to conceive of it as 
following a uniform course. It may, therefore, be profit- 
able to inquire into the nature of the carbohydrates occur- 
ring in the lower groups with this idea in mind. For a full 
summary the reader is referred to Czapek's “ Biochemie 
der Pfianzen.’’ A good account of the chemistry of sea- 
weeds is given in “Fertilizer Resources of the United 
States.'’ 

Carbohydrates of the PHiEOPHYCE.E. 

The recent investigations of Kylin (1913) have added 
considerably to our knowledge of the algal carbohydrates. 
To begin with, he proved that the brown algse Asco])hyllum 
nodosum and Fucus vesiculosus contain fructose. His data 
for cupric reductions and polariineter readings both before 
and after inversion enable one to calculate the amount of 
glucose present also, as well as that of a small amount of a 
iaevorotatory substance affording glucose on hydrolysis. 
This is pro bably laminarin. 

Curiously enough, Kylin himself does not make any 
calculation by the algebraic expression emx3lo3’'ed by Brown 
and Morris, but attributes the discrepancy between the 
calculations based on polariineter readings and on titra- 
tions with Fehling’s solution as due to traces of fiicosan, 
though this difference varies from 0*14 to 1*09 per cent. 
in terms of reducing hexose in the four algtn he examined. 
In Lammaria digitata and L, saccharma he records the 
presence of glucose, but his readings prove that fructose 
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is.'.aiso 'present.. Here, too, after' inversion there is an. - 
increase in the dextrorotatory power .of the., solution -ac- ■ 
companied, by' a rise , in ■ its , reducing-power,, both poiiithig 
to the presence of laniinarin. The traces of fucosaii Kylin 
mentions could not show an increase in the discrepancy 
between the values obtained by reduction and by polariza- 
tion before and after inversion. None of his quantitative 
results lend themselves to the view that sucrose is ever 
present in these algse, for inversion invariably increases 
the dextrorotation of the solution. It is possible, however, 
that the presence of a little sucrose might be quite masked 
in this respect by a preponderating quantity of laminarin. 

His work on fucosan has shown that this substance is 
not, as was believed, a carbohydrate reserve material 
occurring in highly refractive globules. It is, however, a 
tannin, but not a typical one, since it is not precipitated 
by ferric chloride, though it does give a dark brown colour 
with this reagent. In solution it has an astringent taste, 
a strong reducing action, and is precipitated by neutral lead 
acetate and by lime-water even when acids are |>resent. 
In alkaline solution it is quickly oxidized to a brown sub- 
stance, which under the name of phyeopheein was formerly 
considered to be a water-soluble chromatophore pigment. 
This, however, Molisch (1905) and Tswett (1906) had al- 
ready shown to be a post-mortem oxidation product, though 
its relation to fucosan was not suspected. When warmed 
with dilute mineral acid fucosan yields no sugar, and ac- 
cordingiy cannot be a glucoside. 

As a reserve material the polysaccharide laminarin plays 
the part in this group that starch does in the higher plants 
and in the red algse, Kylin prepared this substance in a 
pure condition, and found it to have the specific rotation 
ajj == - 13-15'', presumably at the temperature of his labora- 
tory; as before mentioned, laminarin gives only glucose on 
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h^Ylrolysis. Recently Diiggar and Davis (1914) investi- 
gated the enzymes of Fucus vesiculosus, but conld detect 
none except catalase, which Atkins (1914, 2) had previ- 
ously located. This poverty in enzymes is very remark- 
able, for one might reasonably expect to find one capable 
of splitting carboh^'drates. 

Gabbohydbates of the Rhodopkyceje. 

In the Florideai the osazone of a siniple sugar was ob- 
tained by Tihomirow (1910). Kylin, however, failed to 
confirm this, and both he and Kolkwitz (1900) are in agree- 
ment as to the absence of reducing sugars from the mem- 
bers of this group examined by them. 

A considerable amount of work has been done upon the 
nature of Floridean starch. 

With iodine the granules give various shades of colour. 
Thus, Kolkwitz divides the class into those which give a 
rose-red, as Laurencia and Cystoclonium, and those afford- 
ing a blue- violet, as do Furcellaria and Delesseria. These 
modifications of starch are described at length by Oltmamis 
in his “ Morphologie und Biologie der Algen, Bd. II.'’ It 
may, however, be remarked that some at least hear a strong 
resemblance to the starch of the phanerogams, in that 
they are hydrolyzed by dilute acids to yield glucose, and 
are also rapidly acted upon by malt diastase. Fufcellaria 
fastigiaia was Kylin 's source for the material he used. 
Saiki (1906) found that strong solutions of malt extract 
failed to digest the carbohydrates of certain commercial 
food preparations made from Gelidiiim sp., PorphyiE 
sp., and GJiondnis crispus. The influence of the indi- 
gestible cell wall may perhaps be very appreciable in 
these cases. By hydrolysis of similar preparations with 
acids, Konig and Bettels (1905) were able to identify galac- 
tose, fructose, and glucose. Whilst from Chondnis crispus 
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Mtlther and Toliens (1904) obtained 'galactose and probably 
other hexoses. 

The grains in the red algse are in appearance quite similar 
to those of land plants, showing frequently a hiluni and 
striation. They, however, occur in the cytoplasm outside 
the plastids, and sometimes independently of the latter. 
Their appearance and disapjjearance at various times led 
Bartholpinew (1914) to seek for a diastatic enzyme in these 
algae, for if this were found to act both upon algal and 
phanerogamic starch it would go to sho’W a certain simh 
larit;y in the structure of the two. 

Folysiphonia variegata Ag., Dasya elegans Ag., AganlM- 
ella tenera (J. Ag.) Schmitz, and Ceramium spp., were ob- 
tained in quantity, dried at 35° to 40° after treatment with 
alcohol and acetone, pulverized, and allowed to stand in 
20 per cent, alcohol. From this solution enzymes were 
subsequently precipitated with 95 per cent, alcohol, and 
dried after washing with alcohol and ether. Experiments 
carried out with careful controls showed that this pre- 
cipitate contained a diastase capable of digesting maize 
starch. In the course of this process the grains were foimd 
to be corroded, so that in this respect the behaviour of the 
enzyme is similar to that of a translocation diastase. From 
the various stages of the reaction, as judged by the iodine 
and copper reduction tests, it is probable that the diastase 
of the red algae resembles that of the higher plants in being 
composed, not of a single enzyme, but of a series of amylases 
and dextrinases. 

In comparison with the action of approximately equal 
weights of malt diastase, that derived from the algae was 
found to be rather a slow-working enzyme. All the evi- 
dence afforded by this research is in favour of the view 
that the starch of the red algae is very similar to thjat of the 
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The Primary Sugar oe Photosynthesis in the Brown 

V AND:RboAEGAS. 

Notwithstanding the close resemblance between the 
ultimate forms in which the products of photosynthesis 
are stored in the red and brown algae and in the higher 
plants, there is as yet no evidence of the occurrence of 
sucrose in the two former classes. Glucose and fructose 
are, however, certainly present in the Phseophyceae, and 
though their identification in the Rhodophycese has not 
as yet been confirmed, it is very likely that it will be, when 
due regard is paid to the variations which may be expected 
to take place owing to differences in illumination, tempera- 
ture, and age, of the plants. Thus, up to the present the 
marine algae afford no support to the view that sucrose is 
the first sugar to be formed in photosynthesis ; nevertheless, 
that which regards this position as being occupied by a 
hexose is by no means surely established. Much work 
remains yet to be done in this domain of physiology before 
any definite conclusions can be reached 

OCCUBBENCE OF MaNNITOL. 

Kylin and Segers-Laureys (1913) also confii’med the 
presence of the polyhydrie alcohol mannitol in the brown 
algae. It is found to form a large proportion of the white 
incrustation appearing on Laminarias when dried. Ihis 
substance has also been reported as occurring in man3' 
other plants— for example, Syringa vulgaris, Fraxinus 
(ixc&lsioT, Foly'podiwyrh vulgars-, A-gavicus cwytvp&stiis. Among 
mushrooms it is very widely distributed, but Bouicpielot 
(1903) has shown that its origin is the trisaccharide 
trehalose. The latter is hydrolyzed to d-glucose by tre- 
halase, and then by an ill-understood biological reduction 
this substance gives mannitol. 
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"T' 


::.Busoit (lOiS) has shown that sap froiii Freiicli beans 
yields a considerable amomit , of- mannitol when kepi for a, 
week, though none was detected in fresh sap or hi saji kept 
for a week after sterilization while fresh. Caulillower heads, 
on the other hand, afford mannitol when quite fresh, thougli 
it is possible that it may have been formed during eA-apora- 
tion of the juice. This change, either bacterial or enzymic, 
casts doubt on the reality of presence of mannitol in brown 
aiga3. It is not impossible that in them trehalose may 
occur instead of sucrose, being an mtermediate step in the 
formation of laminarin. The identification of trehalose by 
any means other than by obtaining it in a pure crystalline 
condition is very uncertain. Its presence could of course 
be deduced by quantitative methods. This suggestion as 
to the occurrence and role of trehalose is, it must be re- 
membered, purely speculative. 


Cabbohydbates of the Bbyophyta. 


With regard to other holophytic members of the Thaiio- 
phyta and Bryophyta little quantitative ivork ajipears to 


have been done, but the presence of glucose, fructose, 


sucrose, and starch, has been demonstrated in many cases. 
Marchai (1906) has investigated the distribution of starch 
in this groiqi, and has recorded its absence from a con- 
siderable number of mosses. From these maltose is also 
absent. Mason (1915) has noted the absence of starch 
from the leaves of Thuidium tamariscinum and Sphagnum 
cymhifolmm, Marchai, however, found it in the jomig 
leaves of the former, and its presence in the upper part of 
the stem of the latter, was demonstrated by Mason. As 
additional evidence for the presence of sucrose in certain 
mosses, Mason has shown that invertase is present in the 


* Tile pubiicq^tioii of Mason’s .results was delayed .for a year 
owing to his dexiartui’e for France on active service. 
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es of the f oUowing both by day and by night : Sphagnum 
'nfolium, Brachythecium rivulare, Dicranum majus, and 
idium tamariscinum. Quite in keeping wit le 
ence as to the absence of starch from the leaves of 
ymbifolium is the complete absence of diastase also, 
this enzvme is present in those of Polytrichum commune 


Examined when 
Fresh, 


Polytricfmm commune. 


Hexosea 

Sucrose 

Maltose 


From the above it may be seen that much sucrose has 
been used up during storage in the dark, and also a iittie 
hexose has disappeared in' spite of the repienh3hmg of 
glucose and fructose by inversion of sucrose, and of glu- 
cose by that of maltose. The last-named sugar shows a 
small increase owing to the mobilization of starch reserves. 

The ratios which the various sugars bear to each other 
in the leaves and stem^s of P. commune are given in the 
following table. The actual percentages could not be 
determined owing to the time required for separating the 
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leaves from the .steio.s. The tissues had therefore to be 
immersed in absolute alcohol to check inversion changes. 
The green portions of the stems were rejected, and are not 
included in the analyses of either leaf or stem. 


TABLE XXL 

SaCJARS OP POLYTRICKOM, 


RatAos. 


The abundance of sucrose in the leaves as compared 
with the stems appears to favour the view of Brown and 
Morris, that it is the first sugar to be formed in photosyn- 
thesis. The analyses, however, furnish no evidence for or 
against Campbell’s suggestion that hexoses are found at 
first, but soon reach a maximum due to their transforma- 
tion into sucrose. In the stem sucrose appears to be 
rapidty converted into starch, or it is perhaps inverted to 
a considerable extent. 


TABLE XXII. 
Sugars op Thuibium, 


T, ta’inuriscinum from Dublin Mountains. 

Hexoses. 

Sucrose. 

Examined in the afternoon 

1*00 

i'66 

Examined after three days in dark press . . , . 

. - 1*00 

0-53 




,r . CO mm u ne j rom — 

; Hexoses. 

Sucrose. 

Maltose. 

Tibradden Pine Forest (Co. Dublin) : Leaves 

1 

! LOO 

2-14 

0-45 

Kippure Mountain (Co. Wicklow): Leaves . . 

! 1-00 ; 

2*19 

0*51 

Tibradden Pine Forest-; Stems 

: 1-00 

0-19 

0*60 

Kippure Mountain: Stems .. 

; LOO 

d ■ • 

0*24 

■ ■ ■ "■ ! 

0*72 
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That the beha-vionr of the starch-free moss Thuidmm 
farmriscimim is similar to Polytrichiim as regards the 
diniimitioii in sucrose consequent upon storage in the dark 
is also shown by Mason’s results. 

The distribution of sugars in Sphagnum cymhifolmm is 
illustrated b.y the following table, from which it ap]3ears 
that in it, too, the assimilating portions are richest in 
sucrose. To avoid enz^anic changes during transit from 
the bog to the laboratory, jars of alcohol were carried up, 
and the material was j)iaced in them directly. All these 
analyses of mosses were performed on material gathered 
during the months of July and August, In addition to 
the hexoses there are perhaps traces of maltose, so the term 
reducing sugars is empIo,yed. 

TABLE XXIIL 
SuoAES OF Sphagnum. 

8. cymbifolhim from Diihlin Beducinq ! « 

collected af ll a,m. Sugars.' j 

Upper green portion .. .. .. .. 1»00 j 2*16 

Lower colourless portion . . . . . . , 1*00 ' 0*91 


It is desirable that further work should be done upon 
the carbohydrates of this group, and the completion of 
Mason’s researches may be expected to throw some light ^ 
upon the vexed question of the first sugar to arise in photo- 
synthesis,:. ^ 

. . ii- 

es, 
aei* 
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CHAPTER IV 


THE PEGTIC SUBSTANCES 

OOCUERENCE AND PROPERTIES OF PeCTIN 
AND PeCTASE. 

In a very great number of fruits and fleshy tissues in general 
there exists a substance which is ordinarily soluble, but is 
precipitated as a gelatinous mass on the addition of alcohol. 
This is known as pectin, and was first fully described by 
Eremy (1840), though Bracannot (1825) had previously 
obtained it. Prom its relationship to the material which 
forms the middle lamella of cell walls, it is clear that it 
must be of considerable physiological importance. In 
many fruit Juices as well as in the sap pressed from woody 
stems, gelatinization takes place on standing, this being 
due to the action of an enzyme, pectase, upon the pectin 
of the Juice. 

The extensive literature of the subject has been sum- 
marized by Czapek (1913), whilst the common properties 
and reactions of these bodies have been described in the 
recent publications of Molisch (1913), Browme (1912), 

;■ Euler (1912), and of Haas and Hill (1913). There is,' 

, therefore, no need to give more than an outline here, to 
serve as an introduction to the study of the action of 
pectase by viscosity measurements which was carried 
:;;out by^'Bafl (1915).' ' , * ■ 

A survey of the 'work done so far upon the pectic sub- 
■' , ' , ' , ^ 63 , , . 
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Bfncss le.4. one to reato ttot “n 

physiologioid tnnotioM are a. yet yeiy mpeitootlj nn 

**^0 middle lameUa of cell tvaUe ooneiste »* 

Tjossiblv of calcium pectate. Peotose can be d. in . ^ 

from cellulose by its insolubility in 
hydjoxide, and by the fact that when treated 
emit hydrochloric acid foUowed by sodium hydroxide it goe 
into sXtion. This pectose is by some considered to be a 
olTm Lt of peeto, bn. the faet that f 
what nrolonc^ed treatment with acid to bruig it * 

r»ditS.l°,hioh it diaeolyee in an alhalme »^*on 
formation of a salt seems to weigh agamst such a vi ^ 
It is accordingly more probable 

pectose to pectin involves hydrolysis. During *1^® ^ 
ing of fruits and the retting of flax, the breakmg 
the middle lameUa of pectose is said to be broug 
by an enzyme, pectosinase. The pectm ;^o u ^ 
reaction may be^cipitated by alcohol or by calcium sate, 
; S 'the iVinetanoe a e.l.inm 
, is soluble in 0-2 per cent, hydrechloric acid. But vhen 
pectin is acted on by pectase, a substance, one rfthe n J 
pectic acids, is produced, the coagulation 
duced by the presence of calcium salts, th. g 
materiaUs not dissolved by the previously mentioned con- 

centration of acid. 

The end product, obtained by heating these 

stances with hot dilute alkaU, ^Wtose and 

hydrolyzed with dilute acid they all yield . -ga - 
^-arabinose, the proportions of the two varying JJ^h 
, . , x.-„ T., f-Uo ,>a 11 tliia ebanne is supposed to tane 


lace through the activity ot yet anotner f 

arntlyt* of peoMb tom « 

which have^een performed in recent years by Tromp de^^ 
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THE PECTIC SUBSTANCES 

Haas and Tolleiis (1895) leave no doubt as to its carbo- 
hydrate nature, tliongli, owing to the great difficulty of 
purifying such gelatinous material, there is a certain amount 
of fluctuation in the ratio of hydrogen to oxygen. Tolleiis 
(1914) thinks it possible that the small amount of oxygen 
found in excess of that requned for a carbohydrate may be 
due to the existence of one or more carboxyl groups. He 
suggests for pectin the formula o{C^qK^qOq) 

To sum up, three enzymes are said to be concerned in 
the changes undergone by pectic substances. Pectose, 
which occurs as the middle lamella of cell wails, is split up 
by pectosinase to form pectin. Pectin, a soluble sub- 
stance, is transformed into a pectic acid by pectase. In 
presence of traces of salts this gelatinous substance be- 
comes aggregated into clumps which sink in water. Soluble 
pectin may also be acted upon by pectinase, with the pro- 
duction of sugars. 

For the obvious reason that there is no ready chemical 
method for studying the changes brought about by these 
enzymes, it has resulted that their action is but little known. 

The role played by calcium salts in the bringing about of 
the coagulation of pectin by pectase was demonstrated by 
Bertrand and Mallevre (1894, 1895), as was the fact 
that calcium could be rej^laced by strontium or barium. 
They also ascertained that acids have a retarding effect 
upon coagulation, 0*088 per cent, hydrochloric acid pro- 
longing the time required for the process from one to forty 
hours, whilst 0*1 per cent, completely stopped ail action. 
The behaviour of other mineral and organio acids was 
similar. With increased concentrations of calcium salts 
or of enzyme the effect of the acid is not so powerful. The 
time necessary for coagulation was thus found to depend 
upon the proportions of pectase, pectin, calcium salts, and 
frae]Jacids» ^ , 
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The recent work of Haynes (1914) on the action salts 
of the alkalies and alkaline earths upon pectin mil be upi^ 
sidered farther on. 

Tee Action of Pbctase. 

Since there is no chemical method at aU suitable for 
following the course of the gelatinization of pectin by 
pectase, recourse was had. at the suggestion of the author, 
to the measurement of the viscosity of a mixtuie o enzjme 
and substrate at regular intervals of time and at various 
temperatures. It is at once evident that the chemical 
chant^e is not proportional to the alteration in viscosi y. 
In spite of this the method enables one to obtain much 
information as to the character of the reaction and the 
factors which influence it, as will be seen from a stu j o 
the viscosity-time curves given by Ball. 

Prepabation OB Pectin. 

As a source of pectin, Ball employed the roots of the 
carrot, Daucus carota. These were finely minced and 
heated for two hours on a water-bath. Sufficient vatei 
was added to cover the material.. The pulp was then 
pressed, and a little oxalic acid added to precipitate cal- 
cium ions. After filtering the pectin was brought down 
by mixing an equal volume of spirit with the extract. This 
was coUected on a filter and redissolved in a small quantity 
of hot water. Further addition of alcohol caused the 
pectin to be precipitated in its usual mucilaginous fom, 
and its remo%ml from the liquid was effected by means of 
a centrifuge. In this manner it was obtained in a faWy 
pure state, and was then dried on a water-bath. On ad- 
dition of hot water it readily redissolved, and was made 
up to a 2 per cent, solution for use with the viscosimeter. 
A few drops of toluene were added as a preservatHe. 
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SOIFRCE OF FeCTASE. 

To obtain the enzyme, leaves of Syringa vulgaris were 
pressed in a vice, and the resulting liquid was either em- 
ployed directly, after removal of debris by the centrifnge, 
or its pectase was precipitated by alcohol and redissolved 
in distilled water. The fresh sap contained both calcium 
salts and other electrolytes, whereas the precipitated 
enzyme mixture w^as to a great extent free from both. 
Attempts w^'ere made to correlate the activity of the sap 
with the age of the leaf, but fluctuations from sample to 
sample obscured the influence, if any, of this factor. 

Electeical Conductivity of Gelatinizing Pectin 
!' , Solutions. 

Since the electrical conductivity of a solution at con- 
$ stant temperature depends both upon its concentration 
I of electrolytes and the viscosity of the medium, it w’-as 
■ thought that measurements of this character might thrpiv 
light upon the phenomena of gelatinization. For whereas 
. a liquid such as glycerol has a high viscosity both as regards 
I its time of flow through a capillary tube and its effect ujiGn 
electrolytes, another, such as a gelatin solution,^' may have 
1 an equal viscosity as measured by time of flow, but when 
I its effect upon electrolytes is the criterion the difference 
between it and the pure solvent may he negligible. Thus, 

,, leaving out of account possible changes in the chemical 
; ’ character of the pectin leading to increase or decrease in 
V conductivity during gelatinization, it is clear that, if but 
r littie change occurs in the resistance of the solution while 
' the pectase is acting on it, there can be no doubt that the 
; /structure of the product is that of a Jelly, a meshwork of 
, a colloid containing a colloidal liquid solution, rather than 
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of a iiqui.d such as glycerol. From the fact that small 
quantities of pectin coixld give rise to a mass of consider- 
able consistency, it seemed highly probable that the struc- 
ture was that of a gel. To test the point experimentally, 
1 e.c. of 2 per cent, pectin solution was mixed with an 
equal volume of distilled water and with 1 c.c. of freshly 
pressed sap. The solution was then placed in a Hamburger 
conductivity tube at air temperature, 12-5® ; its resistance 
was measured from time to time in the usual manner, but 
up to the time at which it set to a firm jelly, about two 
hours after mixing, there was no change whatever in the 
readings. This furnishes definite proof of the gel struc- 
ture of the gelatinized pectin. 

The Action of Peotase stunted by the 
Viscosimeter 

To study the action of pectase by viscosity determina- 
tions, Ball constructed a small apparatus of the Ostwald 
type. The size of the bulb was such that 3 e.c. of solution 
sufficed for each experiment, the proportions of the con- 
stituents being the same as in the conductivity determina- 
tions — viz., i c.c. each of 2 per cent, pectin, distilled water, 
and Syringa sap. Thus the experiments are comparable 
as regards the pectin content, but it is certain that the 
amount of enzyme could not have been identical in the 
different samples of sap, and the electrolytes also were 
probably not quite constant in quantity. 

To standardize the apparatus, the time required for pure 
water to flow out of the bulb between the two marks was 
measured. For purposes of comparison one instrument 
was chosen, and the slightly different times of flow for the 
others were made the basis of factors by which the times 
of flow of the pectin solutions could be recalculated for the 
standard viscosimeter. ' As the absolute amounts of en- 


THE PECTIC SUBSTANCES 


69 


...zyine and caicium salts were miknownj there was nothing' 
to be gained by calculating the measurements as absolute 
values. Accordingly, they were ail recorded as seconds of 
time for the emptying of the bulb of the standard^at the 
temperature of the experiment. The times of fiow^ for 
water at 0° w^ere from 3*0 to 3*8 seconds, and the initial 



TIME IN HOURS 


Fig. S. 

values for the solutions, measured five minutes after mix- 
ing, were from 3*8 to 7 seconds. The results of five experi- 
ments are showm in the accompanying viscosity — tim e graj>h. 

The first series of determinations (Experiment I.) was 
carried out at 0®. In it, after several hours had elapsed, 
but little change in the viscosity could be perceived. It 
then increased rapidly, till after eight hours, w^hen the 
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experiment had to be brought to a close, the curve gave 
indications of approaching a maximum. One slight ir- 
regularity during the fifth hour was occasioned by an 
accidental elevation of the temperature. 

Experiment II., at 14°, furnished evidence of the great 
rapidity of the action at this temperature, and revealed 
the entirely unexpected attainment of a viscosity maxi- 
mum followed by a rapid decrease, the two sides of the 
curve being very similar for a considerable distance. 

The other experiments shown in the gra|)h — Nos. III., 
IV, and VI, — were carried out at 21°. In the first two 
of these the same sap ivas used, but they ‘ were |)er- 
formed on successive days, and in No. IV. the sap 
had been neutralized ; toluene was employed as a pre- 
servative. No. IV. curve shows much the same form as 
No. III., but never rises to so great a degree of viscosity. 
Owing, probably, to the sap being poorer in pectase in 
No. III., the gelatinization proceeds more slowly than in 
No. II. Since, however, the temperature is higher, one 
\vouId expect the action to be more ra2)id, assuming the 
quantity of enzyme to be constant. Accordingly, an at- 
tempt was made to see if the difference was due to the 
acidity of the sap exerting a retarding influence uj^on the 
pectase. 

The Iotlxjehce of Iohs tjpoh the Maximum Viscosity 
OF THE Solution. 

To test this point, the sap was rendered neutral to litmus, 
but in the curve of No. IV. it is shown that the maximum, 
though reached somewhat sooner than in No. III., is much 
below^ it. This seemed to be due to the acceleration of the 
reverse process occasioned by the increase of the metallic 
ions of the sodium hydroxide added. Such an alteration of 
the relative rates of the tw^o processes wuuld naturally lead 
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to: til© maximum, .value of' the viscosity becoming S3ii.alier..v: 
There is, however, an alternative explanation possible, that 
the low value is- due to a decrease in the^activity of the-' 
enzyme during its storage for one day. The form of the 
curve, however, is against this view, for it shows that the 
initiai velocity is not very much less than, in No. III. 

In order to obtain decisive evidence, the enzy.ines of 
3 c.c. of freshly pressed sap were precixiitated by the ad- 
dition of 15 c.c. of 95 per cent, spirit. After centrifuging, 
the precipitate, which w'as almost free from electrolytes, was 
redissolved in 3 c.c. distilled water, and, as in other experi- 
ments, 1 c.c. was added to the pectin solution. The curve 
No. VII., obtained in this way, shows the rapidity of the 
coagulation to be great. The viscosity was such that 
about 500 seconds was required for the emptying of the 
bulb, whereas at the start, less than four hours previously^ 
3*8 seconds sufficed. After four hours no flow took place. 
This furnishes direct and conclusive evidence that re- 
moval of electrolytes, including of course the calcium salts, 
results in the increase of the viscosity of the solution of 
transformed pectin up to a point far in excess of that 
attained to by any similar solution containing electrolytes. 
Traces of electrolytes were, however, still present, having 
been adsorbed by the precipitated enzymes. In view of 
the minute traces of calcium salts ordinarily found in plant 
juices, the amount remaining must have been negligibly 
small. Direct experiments are being undertaken to test 
this point. 

On the whole, it seems to be well established by BalFg 
results that the two eflects, the production of a gel by the 
action of pectase and the clumping of the material of the 
gel by electrolytes, are distinct, and were probably confused 

Tkis work has had to be postponed, for Mr. Ball has received a 
commission in the army for the duration of the war against Germany. 
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by tlie previous workers on the subject. The marked 
acceleration in the clumping caused calcium, strontium, 
or barium, need not mean that their ions are in an}^ way 
connected with the action of pectase, but is apparently 
fully explained by the well-known property of divalent 
ions in causing the clumping of colloids with a far greater 
rapidity than do monovalent ions. The presence of cal- 
cium salts in cjuantity evidently causes flakes of coagiilum 
to appear even when the action of the enzyme has been in 
progress for a short time only. 

Discussion of the Fobm of the Viscosity Curves. 

Bail has suggested that the product of the action of 
pectase on pectin consists at first of separate colloidal 
particles, and has pointed out that during their formation 
there is practically no change in viscosity, as showm by the 
initial portions of the curves being almost parallel to the 
time axis. This is succeeded by a jiortion of the curve 
which shows rapid increase in viscosity, the physical in- 
terpretation of which he considers may be the union of 
adjacent particles to form a loose network, the individual 
\ . meshes of which are continually becoming smaller by sxib- 
division through the attachment of freshly formed material. 
Since Bertrand and Mallevre have shown that gelatiniza- 
tion does not occur when ail traces of electrolytes have 
been removed, it is possible that the building of the network 
is due to their activity. As an alternative explanation, the 
view has been advanced that the enzyme itself looses its 
activity when electrolytes are entirely removed, for it is 
well knoivn that other enzymes become enfeebled when 
their ash content is reduced below a certain point. The 
constituents of the ash may of course be in combination, 
and not dissociated, though in most cases it is probable 
that they are partly in the state of dissociable metallic 
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,, salts : -of organic' complexes. The process of gelatinkation ' 
continues,' till the , resulting jelly is of such a consistency: as.' ', 
to cease to flow in the viscosimeter, unless the condition 
becomes complicated by the action of appreciable quantities 
of electrolytes. 

The effect of this class of bodies appears to be the clump- 
ing of the colloid particles by a metallic ion. By this 
means, the amount of transformed pectin available for 
meshw^ork formation is continually decreased. Thus the 
maximum viscosity can never be as great in the presence 
of any ap|)reciable quantity of electrolytes as in their 
absence. Whether any increase in viscosity occurs will, 
according to this viewq depend upon the relative rates of 
pectin transformation and of clumping. When the former 
preponderates the viscosity rises, but in time the two rates 
become equal and the viscosity attains a maximum. The 
downward portion of the viscosity curve is explained as 
representing the progress of clumping at the expense of 
the already formed network. When the clumps reach a 
certain size they tend to unite into visible flakes, causing 
discontinuity in the gel and consequent diminution in 
viscosity accompanied by irregularity owing to the plugging 
of the capillary. It may be seen that in the curves of 
Fig. 3 this breaking up occurs usually when the viscosity 
of the solution in the different experiments has about the 
same value. 

By means of the above hypothesis given by Bail, the 
interesting nature of the curves seems to be qualitatively 
explained in a sim|)le and rational manner, wdiile at the 
same time the need of further work is indicated. 


Geeatinization of Pectin by Alkaeies. 

Contemporaneously with Balias research, which was 
completed in July, 1914, Haynes’s study of the gelatiniza- 
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tion of pectin by the alkalies and alkaline earths was being 
carried out, and has come to the author’s notice since the 
foregoing pages were written. 

Haynes employed parapectin derived from limes and 
lemons, and measured the rate of precipitation of the jelly 
by the reagents, assuming the latter process to begin when 
a definite amount of parapectin had been gelatinized. 
Thus the time required for precipitation to begin in the 
jelly could be taken as a measure of the rate of gelatin iza- 
tion of the solution. With this assumption, Haynes found 
that the reaction could be represented by the equation 
c'^jt — k for dilute solutions, where t is the time required 
for the formation of precipitate, and c is the concentration 
of the hydroxides of calcium, strontium, or barium. The 
interpretation of this, according to Haynes, is that the 
' reaction is a chemical one between the pectin, from which 

hydrogen is eliminated, and the positive ion of the alkali, 
as follows: 

F0H4*Ba(0H). - P-OBaOH-f-H^O. 

The original paper should be consulted for a complete 
consideration of this equation, and for details of much 
interest. It is hard to correlate the changes with those 
studied b}^ Ball, since both the methods and sources of 
material were so entirely different. Bail, however, noticed 
that his stock solution of pectin, which had remained over 
for four months, in the absence of a sufficient quantity of 
toluene, gave immediate precipitates with a drop of various 
laboratory reagents, sodium hydroxide, copper sulphate, 
ferric chloride, etc. A comparative study of the two 
methods W’-ould be of interest, and in its absence specula- 
tion does not seem to be profitable. 









CHAPTER V 

OSMOTIC PRESSURE IN PLANTS 

Between a pure solvent and a solution there is a diSer- 
ence in free energy. This is rendered apparent in several 
ways, by their disparity in vapour pressure, boiling-point, 
freezing-point, and osmotic pressure. As these values vary 
%vith the molecular concentration of the solution — e.g,, the 
ceil sap in the present discussion — them measurement 
affords a ready means of studying, in the gross, changes 
which occur in the metabolism of vegetable ceils. 

The connection between the above-mentioned properties 
of solutions becomes apparent when one considers the 
work necessary to separate a given quantity of the pure 
solvent from a solution in a reversible manner and iso- 
thermally . It is evident that there must be a quantitative 
relationship between the various properties, since when 
the process is completed the same amount of work will 
have been done in each case, irrespective of the method 
adopted. Hence it is immaterial whether the removal of 
solvent be effected by evaporation, by crystallization or 
by the movement of a semi-permeable membrane through 
the liquid. 

As is well known, the pioneer measurements in this 
domain were carried out on plant cells by the piasmoiytic 
method, in which the osmotic pressure of the ceil sap is 
balanced against that of an external solution of known 
concentration. Direct measurements of the osmotic pres- 




II 

li 


ill 


76 SOME BECEHT EESEABOBES m PLAHI? PEYSIOEOGY 

siires of plant juices with artificial semi-permeable mem- 
branes have never been carried out, owing to manipulative 
difficulties and to the fact that by calculation from cryo- 
scopic data the desired values may be more readfiy 
obtained. However, by balancing an external gas pres- 
sure against the internal osmotic pressure of leaves on a 
severed branch, and noting when wilting supervened, Dixon 
(1896) has been able to obtain approximate values. The 
method is fully described in his book on Transpiration 
and the Ascent of Sap,’’ so wiii not be given here. 

As in other branches of physiology, cryoscopic measure- 
ments have recently been extensively employed, to the 
almost comjpiete exclusion of the plasmolytic. The work 
of the Neapolitan physiologists Cavara (1905), Trinchieri 
(1909), and Nicolosi-Roncati (1907), w^as carried out wdth 
the Beckmann apparatus, which as usually constructed 
requires about 15 c.c. of liquid, though tubes of smaller 
capacity are also in use. The introduction of thermo- 
couples for these determinations by Dixon and Atkins 
(1910) has effected a considerable saving in the volume of 
sap necessary, 2*5 to 3 c.c. being sufficient for each experi- 
ment. A description of the modification would be super- 
fiuousliere, as it may be found in '' Transpiration and the 
Ascent of Sap.” 

Owing to the liability of all liquids of animal or vegetable 
origin to undergo changes when heated, the determination 
of boiling-points has never assumed an}’ importance in 
physiology. 

An elegant though tedious method based upon vapour 
pressure differences has been worked out by Barger (1906) 
in Errera’s laboratory. In it drops of a solution of un- 
known concentration are drawm up in a capillary-tube 
betw-een drops of various solutions of known strength. 
Isothermal distillation or condensation takes place from 
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■or .upon a drop according as its vapour, pressure is .greater 
or less than that of its neighbours. This causes the drops 
to deci*ease or increase in size, an effect which can be ob- 
served by a measuring microscope. The method has 
recently been employed by Halket (1913) for plant saps, 
and its value is obvious, as very minute cjiiantities can 
be employed. 


Quantitative Laws of Osmotic Pressure. 

Before proceeding to trace the influence of various 
factors upon the osmotic pressure of ceil sap, it seems 
advisable to give the term a precise meaning, and briefly 
to describe its nature and the conditions under which it 
acts. Por fuller information Findlay’s ‘‘ Osmotic Pres- 
sure ” should be consulted, and to it the author is. much 
indebted in the following account. According to Findlay, 
the osmotic pressure of a solution may be defined as ‘‘ the 
equivalent of the hydrostatic pressure produced when the 
solution and solvent are separated by a perfectly semi- 
permeable membrane; or as the equivalent of the excess 
pressure which must be imposed on a solution in order to 
prevent the passage into it of solvent through a perfectly 
semi-permeable membrane.’’ To be exact, the solution 
itself does not have any osmotic jiressure, but if solvent 
and solution were separated by a membrane permeable 
to the former only, then such a pressure would be pro- 
duced. Thus it is the excess of the tendency of the solvent 
to diffuse inwards over that to diffuse outwards that pro- 
duces the osmotic pressure. 

Yan’t Hoff, stimulated by Pfeffer’s direct measure- 
ments, undertook the thermodynamical deduction of the 

wPT ' 

laws of solutions, and arrived at the equation P= 
where P is the osmotic pressure, T the absolute tempera- 


I' 
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tiire, E a constant almost identical with the gas equation 
constant, and n is the number of gramme -molecules of 
solute ill the volume V of solution. But this he directly 
states to be applicable only in the case of infinitely 
dilute solutions, for in them the heat effect of further 
dilution is negligible. Thus it is not surprising that the 
equation was not found to hold good for concentrated 
solutions, and though bj^ Morse’s substitution of the volume 
of the pure solvent for that of the solution a better agree- 
ment is obtained between observed and calculated values, 
this is in reality due to its being an approximation to a 
more recent equation expressly constructed for concen- 
trated solutions. 

Owing to the formal identity of the gas laws and those 
of dilute solutions, it was thought that a modification of 
the equation might be capable of correctly representing 
the behaviour of concentrated solutions, just as those of 
the Van der WaaFs type were found suitable for gases. 
Two equations of this kind have been shown to give a fair 
degree of agreement between calculated and observed 
values of osmotic pressure over a moderately extended 
range. 

The most generally applicable equation, however, is 
that deduced thermodynamically for ideal solutions — 
namety, those composed of tw^o unassociated liquids wdiieh 
are completely miscible without occurrence of heat, volume, 
or chemical changes. This general equation is ; 

P = ^[-log. 

In this X is the ratio of the number of molecules of solute 
to the total number of molecules present ; V^ is the molec- 
ular volume of the solvent under the standard pressure: 
whilst a represents the coefiScient of compressibility of the 
solvent. For moderate pressures the last factor may be 
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neglected^ and the equation can be thrown into the form 

yh* + i-»^ + |a^+ • • • )• 

Now, when 7i represents the number of gramme-mole- 
cules of solute, and N those of solvent, . Accord- 

^ "f* 

ingiy, for infinitely dilute solutions, n becomes negligible 

ill comparison with N, and thus, the fraction being 

now very small, and higher powers may be neglected, 

the equation becoming P = ^ ^ . But the water in the 

solution occupies the volume NV^, which for very dilute 
solutions is practically the volume of the solution V. Thus 

one arrives at the Van’t Hofi equation P = The 

latter is clearly a limiting case of the more general 
form. 

When allowance is made for the association of water 
and for the formation of a pentahydrate in aqueous sucrose 
solutions, the values calculated by the equation for ideal 
solutions agree well with the direct determinations of 
Lord Berkeley and E. G. J. Hartley over a wide range of 
concentrations. a 

The Natubb of Oskosis.' 

When a sohition and the pure solvent are placed in direct 
contact, diffusion proceeds till the concentration is uniform 
throughout. But when a semi-permeable membrane is 
interposed between them, such umformity can never be 
reached. By increase of pressure, however, the vapour 
pressure of a solution may be raised so as to equal that of 
the solvent. Thus when under sufficient pressure a soiu- 
tion may be in equilibrium with pure solvent. The inter- 
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positioia of the membrane permits of ...this condition / 
realized, for the solution can be subjected to an additional 
pressure, to which the pure solyent is not exposed. In 
the natural course of events, this excess pressure is pro- 
duced by thp entrance of the solvent into the solution 
by the process of diffusion which is here termed 
osmosis. 

The foregoing considerations may perhaps be rendered 
more easily intelligible by reference to the accompanying 
figure, which represents a tube in the form of a rectangle 
with two sides vertical. In it a solution of a non-voiatile 

substance is separated from the 

pure solvent by a semi-permeabie 
membrane below, and by a space 

containing only the vapour of the 

g solvent above. It is evident that 

'4 passage of the solvent into the solu- 

g tion will take place till a position of 

'§ equilibrium is attained. At this 

*§ stage it is clear that the vapour 
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vided only that it is truly semi-permeabie. It is therefore 
permissible to consider the membrane as a bubble of vapour 
contained by two rigid walls which prevent the hj/drostatic 
pressures of the liquid columns from acting upon it. Since 
distillation of vapour does not take place, the vapour 
pressures of solvent and of solution must be equal on either 
side of m; but as that of the solution is normally lower 
than that of the solvent, it is evident that their equality 
in this case is due to an increase in the vapour pressure of 
the solution brought about by the application of a hydro- 
static pressure. This is occasioned by the difference in 
level of solvent and solution in the tubes. 

Starting from the deduction that for dilute solutions 
the osmotic pressure was equal to the gaseous pressure 
which the solute would exert if considered as occupying 
the actual vokime of the solution, Van't Hoff suggested 
that such a pressure might be similar in nature to that 
exerted by a gas — viz., that it was due to the impinging of 
the solute molecules upon the membrane. His equation 
was, however, in no way dependent upon this hypothesis, 
and he clearly recognized that the phenomenon might be 
explained by the attraction between solvent and solute. 
The gas j^ressure theory has now been largely abandoned, 
as it fails to account for the behaviour of concentrated 
solutions satisfactorily. Its simplicity and applicability 
to dilute solutions both contributed To its continued em- 
ployment in explaining the phenomena of osmosis. 

The generally accepted view now is that osmotic pressure 
is a hydrostatic pressure, of such a magnitude as to bring 
the vapour pressures of solvent and solution into equilib- 
rium, For the numerous hypotheses as to the manner in 
which this pressure is produced Findlay's book should be 
consulted. At present there, is some evidence in favour of 
the view that it is due to the inactivation of the solvent 
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molecules by union with those of the soliilej but this could 
not foe a satisfactory explanation in the case of an ideal 
solution in which there is no such combination. 

The INature of Semi-Permeable Membranes. 

A semi-permeafoie membrane is one which is permeable 
to the solvent only, and does not permit of the passage 
of solutes. Some membranes show selective permeability 
in that they allow certain solutes to pass through, but 
restrain others. It has frequently been urged that no 
membrane is absolutely semi-permeable, but that som.e 
small quantity of solute always penetrates. In view^ of 
the perfection to which the jDreparation of copper ferro- 
cyanide membranes has been brought by Morse and 
Frazer (1911), the Earl of Berkeley and Hartley (1906), 
and others, this objection can be no longer maintained 
except as a purely theoretical belief beyond the limits of 
ex|)errmental verification. Morse (1911), for instance, 
working with a sucrose solution, found that a pressure of 
over 12 atmospheres was sustained without any leakage 
for sixt^T^ days at the temperature of 15°. 

The earliest view of the structure of semi-permeable 
membranes was that they acted as sieves, allowing the 
passage of molecules which were below a certain size. 
This conce|)tion is certainly too crude. 

H. E. Armstrong (1906, 1909, 1912), using as an iilnstra- 
tion A. J. Brown’s (1912) experiments on the selective 
permeability of the seed coats of Eordeum milgare, has 
sustained his theory that such membranes permit the 
passage of substances which are hydrated feebly or not 
at ail whereas those which form stable hydrates are un- 
able to penetrate.* This view is in many respects a very 
tempting one, as in solvents other than water quite similar 
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complexes are known to occur, ' On the whole, iiowe^^er, 
it cannot be regarded as at all well established. 

The theory which has been found to command the 
greatest degree of credence is that which considers the 
membrane as a solvent, permitting the passage of those 
substances which are soluble in it. Though propounded 
as far back as 1855 by L'Hermite, it has only come into 
prominence comparatively recently through the ^vork of 
E. Overton (1895) and others. 








CHAPTER VI 


THE OSMOTIC EQUILIBRIUM BETWEEN THE CELL AND 
ITS SUEBOUNDINGS 

Naked and Walled Cells. 

When a naked cell is placed in a medium the osmotic 
pressure of which is lower than that of its vacuoles, water 
is taken up, causing distension of the protoplasm, and the 
process- may ultimately cause the cell to burst. This 
occurs commonly in the lower marine animals when trans- 
ferred suddenly to water of a lesser degree of salinity than 
that of their normal surroundings. 

It has been suggested by Dixon that one function of the 
contractile vacuole is to remove crystalloids from the 
interior of the ceil, for by their accumulation these would 
cause the vacuole to increase greatly, and so stretch the 
protoplasm unduly. Contractile vacuoles are never met 
with in ceils which have a continuous wall of cellulose or 
other similar substance, for in these the wail sets a iimit 
to the distension of the protoplasm. The latter lines the 
wall, and owing to its semi-permeable nature may be 
pressed against it and subject it to a considerable distei)d- 
ing force. In some cases, as, for instance, when certain 
kinds of pollen grains fall into water, this force may foe 
sufficient to rupturfe the cellulose wall also. As a general 
rule, however^ the wail is able to withstand the osmotic 

. ^4 
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pressure of the cell sap.**' The majority of vegetable cell 
walls are permeable to dissolved substances as well as to 
water, but some peculiar exceptions to this have recently 
been investigated. 

Since the cellulose wall is usually in a distended con- 
dition, it follows that when attempts are made to ascertain 
osmotic pressure by the piasmolytic method, a very 
appreciable volume change occurs in many instances, 
before there is any perceptible forcing back of the 
protoplasm from the cellulose. This is owing to the 
diminished tui'gor of the cells and contraction of the 
cellulose walls if they belong to young tissue. 

In addition to the source of error arising from the dis- 
tension of the walls, there is always uncertainty as to 
how far the agents employed for plasmolysis penetrate 
the cells, for in various groups of plants marked differ- 
ences are shown in this respect. 


Ceyoscopy op Sap, 

For the reasons just mentioned, it is desirable, whenever 
possible, to investigate the relationshij) between the cell 
sap and the medium with which it is in equilibrium, by 
determining osmotic pressures by cryoscopy, combined 
with the equation as given by Nemst: 

P = 12*03 A atmospheres at 0®, where a is the depres- 
sion of freezing-point of the liquid under examination. 

To obtain the cell sap required, it has been shown by 
Dixon and Atkins (1913, 1) that it is not sufficient merely 
to apply pressure to plant tissues, for this results at first 
in the forcing out of water through the protoplasm, which 
is later on mixed with the contents of many hurst cells. 

^ Beterjnmations of the breaking stress of cellulose carried out by 
Dixon (1897) show that an osmotic pressure of 100 atmospheres can be 
withstood by colluloso walls of the dimensions usually encountered. 
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From its appearance, the sap might he j iidged to represent 
the composition of the vacuoles correctly, as it consists so 
largely of cell debris. However, numerous experiments 
have proved that a progressive concentration of the sap 
is effected by pressure, so that the first liquid expressed 
is more dilute than the last, whilst what remains in the 
tissues is even still more concentrated. Accordingly, it is 
necessary to render the protoplasmic membranes perme- 
able before applying pressure. To this end the employ- 
ment of narcotics such as chloroform and toluene was tried, 
as was also exposure to a high temperature for a short 
time. All of these methods were foimd open to objection. 
Finally it was ascertained that the object in view could 
most efficiently and accurately be attained by immersing 
the tissues in liquid air. As an illustration of the study of 
the equilibrium between the cell and its surroundings, the 
work of Dixon and Atkins (1913, 3) on yeast is quoted 
below : 

The Relationship op the Yeast Cell to its Medium. 

L Cryoscopic Researches. — In view of the rapid 
metabolism of the yeast cell as regards carbohydrates, a 
study of the osmotic equilibrium between it and the solu- 
tion which it ferments seemed to be of interest. 

It has recently been demonstrated by Paine (1911) that 
alcohol penetrates the yeast ceil readily, a state of equilib- 
rium being soon reached in which the ratio of alcohol in 
the cell to that outside is a constant, deviating only slightly 
from 0*85. Saits, on the other hand, penetrate to a small 
extent, the ratio of the internal and external concentra- 
tions being no more than 0-1 to 0*25, except in the case 
of poisonous substances. Indeed, it is an open question 
how much of this apparent absorption is really due to 
adsorption on the surface. 
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': „, .To , determine the osmotic pressures, the method' of 
thermo-electric cryoscojoy was employed. The iiiialtereci 
yeast- juice was obtained by freezing the solid material in 
liquid air and centrifuging the resulting liquid mass. 

The electrical conductivities of the juice, beer, and wort, 
were also determined, to give an idea of the relative pro- 
portions of electrolytes and non-electrolytes concerned in 
the production of osmotic pressures. The appai'atus was 
the usual one, employed by the authors in previous w'ork. 
All specific conductivity measurements w^ere carried out at 
0®, and are recqrded as reciprocals of the resistance in 
ohms, not in Siemens’s units. 

Both pressed yeast and that skimmed from the vats 
with adhering beer were employed in the investigation, 
The beer was removed by centrifuging or by pressing 
through a linen cloth by hand.*^ 

In Table XXIV. are recorded the results thus obtained, 
A being the depression of freezing-point, P the osmotic 
pressure in atmospheres calculated from A, and 0 the 
specific electrical conductivity at 0^^, 

TABLE XXIV, 

•Osmotic Pbessube of a Yeast aeib Wobt. 


Liquid. 


Sap of washed bakers' yeast 
Sap of pressed brewers' yeast 
Sap of pressed brewers’ yeast 
Sap of pressed brewers’ yeast 

Wort , . 

Wort 

No. 594 fermented 7 days in 
open vessel in laboratory . . 


A. 

P. 

OxlO®. 

1*064 ' 

12*80 

780 

4*082 

49-10 

596 

3*370 

40-53 

671 

4*600 

65-34 

007 

1*177 

14-16 

149 

1*247 

15-00 

150 

1*545 

18-58 

207 


* The brewers’ yeast was obtained from Guinness’s Brewery, Dublin, 
through the kindness of Mr. A. McMullenyoitke Besear’ch Laboratory. 
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From the above figures it may foe seen that, both 
in osmotic pressure and electrical conductivity, pressed 
yeast gives values which are much higher than those of 
wort. Baker’s yeast, however, gives a low osmotic pres- 
sure, but a high conductivity even after washing. 

The figures afforded by the sap of yeast and by the 
surrounding nutritive fluid may be seen in Table XXV. 

On comparing the results given beer with those of 
wort, it is at once apparent that, while the electrical con- 
ductivity remains much the same, the osmotic pressure 
becomes approximate^ three times as great during fer- 
mentation, when interrupted at the usual stage in the 
commercial process. Very complete fermentation, how- 
ever, judging from the single experiment performed, 
occasions a fall in osmotic pressure after the initial rise, 
and is accompanied by a marked increase in the conduc- 
tivity (see No. 597). It is, however, possible that the 
conditions of this fermentation were abnormal, and there 
was probabty considerable loss of liquid by evaporation. 
The above-mentioned experiment is substantiated 
Xo. 609, which is the beer of No. 606 allowed to stand at 
air temperature in a closed vessel with a little yeast. It 
will be noted that there is a fall in. pressure, but a slight 
rise in conductivity. 

Turning now to the yeast in ,Nos. 595, 598, 612, the 
osmotic pressure of the juice is much higher than that of 
the beer, corresponding in two cases to a difference in 
freezing-point of about 0*5°. In these cases the 3 ?'east was 
separated from the beer centrifuging to remove ad- 
herent liquid as completely as possible, and was then 
frozen. This process occupies some time. In Mo. 612, 
where it wfis effected as rapidly as possible, less than one 
hour elapsed between the separation and tlie freezing in 
liquid air. In this case the divergence between the os- 
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motic pressure of the yeast and of the beer was the greatest 
'■'observed... In, Nos. '607 and 610 yeast'. was allowed to., 
stand for six hours and twenty-four hours resj)ectively 
after separation before freezing. The results here shov' 
a diminution in pressure, o.wing most probably to respir- 
atory changes, so that it has fallen slight^ below that of 

TABLE XXV. 

Osmotic Pressure of Yeast and Beer. 


! 

1 : 

No. of 
Expi. 

Liquid. 

A. 

P. 

CxW\ 



595 

Sap of yeast . 

3-907° 

47-00 

518 



598 

Sap of yeast . . 

3-815° 

45-88 

558 



(107 

Sap of yeast which was kept 





''' 


separated from beer for 6 
hours before freezing 

3*367° 

40-51 

608 


610 

Sap of yeast separated from 





/i' ; ' "( 


beer kept 24 hours before 





i|Vv 


freezing 

3-243° 

39-00 

742 



Oil 

Sap of yeast (same sample as 





■If 


in 610) suspended 24 hours 
in running water . . 

3-166° 

38-09 

653 


J: 

012 

Sap of yeast . . ' , . 

3-730° 

44*85 

562 


'|r 

592 

Beer of No. 595 

3-417° 

41-10 

123 



596 

Beer of No. 598 

3-655° 

43-96 

125 



006 ! 

Beer of No. 607 

3-417° 

41*10 

132 


i 

009 ! 

No. 606 kept 6 days . . . . 1 

2-996° 

35-22 

145 


•'i'- 

615 1 

No. 606 kept 7 days . . . . | 

— 

■,■— . 

146 


i; 

608 1 

Beer of No. 610 . . . . 

3-460° 

41-62 

146 


f , ^ - 

614 I 

No. 608 kept 24 hours . . ! 

— 

1 ,' .■>— 

146 



013 

.Beer'' of No. 612 ■■ 

3*188° 

38*34 

1 147 



the beer from which it vras removed. From Nos. 610 and 
611 it appears that this decrease in osmotic pressure takes 
place whether the yeast is kept dry or suspended in water. 
This rapid falling off shows very likely the normal rate 
of consumption of carbohydrate with the resulting in- 
crease in conductivity. Such a lessening of pressure is 
under ordinary circumstances made good by the diffusion 
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inwards of sugar from the wort, hence this carbohydrate 
must be able to pass freely into the cell, while the alcohol 
produced passes out, maintaining a constant ratio, as 
shown by Paine Qoc, cit.), A welhmarked but rclativeh- 
small extra fall in pressure was observed in No. 611, where 
the yeast, after separation from the beer, was suspended 
in a linen cloth in a large vessel of water with a delivery 
tap and overflow. 

The small degree of permeability of the yeast as regards 
electrolytes is clearly brought out by the conductivity of 
the juice being from four to five times that of the beer. 
Even allowing for fluctuations from sample to sample, 
there is a well-marked rise in conductivity in yeast after 
its separation. While this may be due in part to decreas- 
ing viscosity of the sap owing to sugars having been used 
. up, yet, quantitatively considered, this explanation seems 
* insufficient, and Nos. 610 and 611 make it more probable 
that such a result is partty due to the retention of an acid 
produced in fermentation, which in the normal course 
would diffuse very slowly outwards. Succinic acid, for 
instance, and its more highly ionized ammonium salt have 
been shown by Ehrlich (1909) to arise during fermentation 
from glutamic acid. 

To avoid the possibility of error in the comparison of 
yeast- juice and beer owing to the expulsion of gases by 
freezing the former solid, measurements were made of both 
freezing*point and conductivity of beer as separated from 
yeast and after freezing solid. No appreciable difference 
was observed between the two sets of figures. 

2. Researches by the Method oe Plasmolysis. — The 
plasmolysis of the yeast celh has lately been investigated 
by Euler and Palm (1914), using solutions of glycerol. It 
had previously been shown by Bokorny (1903) that yeast 
retains its fermentative power in solutions of sugars which 
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iiiliibit its inverting action, for the former process can be 
carried out in glucose solutions of great concentration, but 
not ill sucrose of similar strength. Thus solutions of 
glucose were fermented even when containing over 70 
per cent, of the sugar. 

As was pointed out previously, the yeast cell must be 
permeable to sugars, so is not injured by such concentra- 
tions. Bokorny found the upper limit for the carrying on 
of fermentation by the yeast cell to be a 3*7 normal 
glucose solution, which possesses an osmotic pressure of 
about 80 atmospheres. 

Euler and Palm ascertained that with the bottom yeast 
they employed scarcely any plasmolysis took place inside 
twenty hours in 15 per cent, mannitol. Glycerol of the 
same concentration (not the same molecular concentra- 
tion, however produced plasmolysis of the oldest cells 
Within fifteen minutes. With 25 per cent, glycerol this 
occurred almost instantaneously. Multiplication of the 
ceils took place in 15 but not in 20 per cent, glycerol. 

They also showed that a certain percentage only of the 
cells were plasm olyzed after two hours in solutions of vari- 
ous strengths. Each result is based on ten counts of pkvS- 
molyzed and unplasmolyzed ceils. The figures so obtained 
are tabulated below and shown graphically in Eig. 5. 


TABLE XXVI, 


Percentage of Jeaat Cells 
plasmolyzed after Two Hours, 

17-1 


Perce7itage of 
Glycerol. 


^ The molecular concentration of 15 per cent, glycerol is 1*65 per 
litre; th it of 15 per cent, mannitol is only, ,0*82 per litre. 
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The 25 per cent, solution is 2-77 normaij, and has a eal- 
cnlated osmotic pressure of about 70 atmospheres. Owing 
to the association of the glycerol molecules, the osmotic 


%Glycerol 
Fig. 5. 

pressure may, however, be considerably less in reality. 
Inspection of the figure makes it clear that, whilst some 


Hours 


of the cells, the oldest ones, had comparative^ low osmotic 
pressures, others could withstand very great external 
pressures without plasmolysis. The values obtained by 
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Dixon and Atkins {loc. cit,) are of coarse mean values, for 
the sap of millions of cells was taken for each freezing- 
point determination. 

Cnltnre experiments in 16 per cent, glycerol made up 
with Lindner’s solution showed that the number of yeast 
ceils approximately doubled itseK in two days. When, 
however, the cells used to sow this solution had themselves 
been in it for some days, it w’as found that theii* increase 
was much more rapid. Thus after four days’ treatment 
the number sown afresh increased to 4*3 times their original 
number, as against 2*0 times without treatment. This 
curious result is probably due to the much larger number 
of young cells in 15 per cent, glycerol solution, for old cells 
are piasmolyzed by this concentration. 

Furthermore, Euler and Palm obtained evidence that? 
when yeast ceils cultivated for twelve hours in Lindner’s 
solution containing 5 per cent, glycerol are subsequently 
placed in 25 per cent, glycerol, the curve obtained by plot- 
ting percentages of ceils piasmolyzed, against time in 
hours, is of a logarithmic nature as shown in Fig. 6. The 
results are tabulated here. 


TABLE XXVII. 


Percentage of Y east Cells 
piasmolyzed. 


Time of Experiment 
in Hours, 


It was previously shown that without the preliminary 
treatment 71 j)er cent, were piasmolyzed in two hours. 
The difference between this figure and that in the above 
table is probably due to the ceils being on the whole younger 
in this experiment, but perhaps it is in part occasioned by 
a slight penetration of the glycerol. ' ■ 

The above investigation makes it clear that, whilst it 
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is not} as accurate as the cryoscopic method for the deter-' 
nilnation of' osmotic^ pressure.s, the metlio.d of p.la.smolysiS' 
ncYertheless .of great' ' value in obtaining ..information^;' 
quite inaccessible by cryoscopy. 

It seems that the haematokrit of Koppe (ISOS)^ employed 
by Hedin (1895) and Hamburger (1902) and others for 
investigations on the volume changes in blood-eorpuscles, 
might also be used for yeast. Euler, however, preferred 
to use the ^ilasmolytic method, for the hsematokrit gives 
average results Just as the cryoscopic method does. 

Comparison of the Cryoscopic and Plasmolytio 
Methods, of mbashbing Osmotic Pressures of 
Plant Cells. 

As has been pointed out on p. 85, the application of 
pressure alone is not sufficient to obtain the unaltered sap 
of the vacuoles. The cells must be rendered permeable by 
intense cold. Through want of knowdedge of this factor, the 
cyroscopically determined values recorded in all the papers 
by Dixon and Atkins up to 1912 inclusive are too low, 
by amounts varying from a few per cent., in soft tissues 
such as potato tubers, up to several hundred per cent, in 
a tough leaf such as that of Chamcero^s Jmmdlis. The 
same criticism applies equally to the experiments of 
Sutherst (1901), Cavara (1905), Heald (1902), Nicolosi- 
Roncati (1907), Trinchieri (1909), Marie and Gatin (1912), 
and Ohlweiler (1912). It is of course obvious that deter- 
minations of electrical conductivity and chemical analyses 
of such pressed saps are no less vitiated than are those of 
osmotic pressures. The results obtained with a particular 
organ of any plant under varying conditions seem, how^- 
ever, to be quite truly comparable. 

Since the source of error due to alttotions in concentra*- 
tion induced by pressure can now be avoided, cryoscopy ' 
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affords the readiest and most accurate method of measuring 
osmotic pressures when sufficient material is available. 

The piasniolytic method is, on the other hand, applicable 
to the study of individual cells, and for this reason alone 
has an extended range of usefulness. Contraction of the 
distended cell before actual plasmolysis ensues may be, 
however, a very considerable source of error. For if the 
diameter of a ceil, assumed to be spherical, decreases by 
10 per cent, from this cause, its volume is diminished by 
27*1 per cent., whilst even a shrinkage of 2 per cent, in 
diameter occasions a volume change of 5*9 per cent. De 
Vries (1877) has shown that the linear dimensions of young 
and turgid cells ma,y be diminished by as much as 20 per 
cent, before plasmolysis is apparent. It has been pointed 
out by Schwendener and Krabbe (1898) that scarcely any 
extension is normally produced in the walls of grown 
ceils. 

In addition to this channel for the entrance of in- 
accuracies, there is the possibility that the cell may not 
be completely impermeable to the substance used to pro- 
duce plasmolysis, which tends to raise the result still more. 
Also it must be remembered that even the same cell may 
alter its permeability under various conditions of external 
medium, of illumination, or at different periods of its life. 
The changes induced in the j^ermeability of the cells of the 
pulvinus in Mimosa pudica by stimulation furnish a striking 
example of this. 








CHAPTER VII 

THE PERMEABILITY OE PROTOPLASM 
The Yeast Cell. 

Very numerous researches have shown that protoplasm is 
freely permeable to some substances, and practically im- 
permeable to others. That yeast cells (see Table XXV.) 
should yield a sap the electrical conductivity of which is 
0ooxl0^=742, whereas the beer from which they were 
removed affords the value Cqo x 10'^ = 146, shows clearly how 
impermeable these cells are to electrolytes. But to alcohol 
they are freely permeable, also to glucose, as this is the 
source of the alcohol which is formed inside the cell. 
Paine’s investigations on this subject have already been 
mentioned in the preceding chapter. 

The Secbetoby Activity of Colocasia Leaves and 
OF THE Pitcher of Nepenthes. 

Other ceils appear to be completely impermeable to 
both eiectroljdes and sugars. As an instance of this may 
be cited the examination b3^ Dixon and Atkins of the liquid 
secreted by the leaf -tips of Oolocasia antiquorum. When in 
a warm saturated atmosphere the leaves give a continuous 
succession of small drops from the extreme ends. These 
ma^y amount to several per second under favourable con- 
ditions. A large quantity of this liquid was collected on 
various occasions in the greenhouses of the Botanic Gardens 

1^6 
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of Trinity College, Bubiin. On evaporation of 20 c.c. 
only 0*012 per cent, of dry residue was left. Tbe secretion, 
when examined by the thermo-electric method of ory- 
oscopy, was found to freeze at almost exactly the same 
temperature as distilled water. This method, it should be 
remembered, is differential, as one thermocouple is placed 
in the secretion, and the other in distilled water. Below 
are recorded the values obtained for the freezing-point 
and electrical conductivity of the secretion. It will be 
noticed that the conductivity is less than that of the 
Dublin tap- water. The latter is extremely pure and soft, 
and is obtained from the reservoir in the Wicklow Moun - 
tains, ISlo trace of sugars could be detected in the secre- 
tion, even when a large volume was concentrated. A 
trace of a chloride was, however, found. 

When the tip of the leaf was cut off, it was found that 
the conductivity of the secretion was at first three times 
as great as before. But after twenty-four hours it had 
fallen to something less than twice as great, probably 
because electrolytes from the injured cells had ail been 
removed. At this stage the conductivity was slightly 
greater than that of Dublin tap -water, so there is no 
doubt that there is a separation of electrolytes as the 
secretion passes out from the uninjured leaf. 

In the unopened pitcher of Nepenthes sp. there is, on the 
other hand, a secretion of liquid which contains a quite 
considerable quantity of solutes, mainly electrolytes, as 
may be seen in the table on p. 98. The liquid lodged 
in the leaf-bases of Dipsacus also contains appreciable 
quantities of electrolytes. 

Under A,, are recorded the values of the depression of 
freezing-point due to electrolytes calculated from the 
conductivity, as explained in Chapter IX. Owing to the 
small values of A, as directly determined, errors of experi- 
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iiient become of serious importance. This is not feit to 
aiiytliing like the same extent in the conductivity measure- 
ments, and they are seen to be very uniform in the table 
below. 

'■ TABLE XXVIII.' 


Osmotic Peesstjees and Electeical Conductivities of 
SOME SeCBETIONS. 


Description of Sample, 

.A., 

Ae» 

P, 

Ox 10“. 

Colocasia antiquomm, leaf secretion, 
October 16 

0-000 

0-0015 


3*02 

Dublin tap-water, October 16 

0. antiquonmi, leaf secretion, Octo- 
ber 18 .. .. .. 

0-000 

0-0016 

, , . — 

3*30 

0-042 

0-0023 

0-50 

':4*84t 

0, antiquorum, young leaves, secre- 
tion, March 23 . . . . . . 

0*006 

0*0015 

0-07 

' 3*05 ' 

0. antiqnorum, old leaves, secretion, 
March 23 .. .. .. .. 

0-003 

O-OOIG 

0*03 

3*23, 

C, antiqvorum, secretion from tip of 
intact leaf, June 22 . . . , 

0003 

0-0012 

0-04 

2-56 

C. aniiquonmi, secietion from same 
leaf, after cutting off the tip, 
June 23 . . . . . . 

0-033 

0-0036 

|0-40 

7-93 ' ' 

Dublin tap-water, June 23 . . . . 

— 

0-0019 

— 

'3-85, . 

C\ antlquorum, secretion from same 
leaf, June 24 . . . . . . 

0-008 

0-0020 

0-10 

4*02 

Dipsacus sp. fluid lodged in expanded 
leaf-bases, June 21 . . . . 

0-039 

0-0289 

0-47 

■ 57-79 

^Nepenthes sp., unopened pitcher, se- 
cretion, May 15 . . ..... 

0*154 

0-1270 

1-80 

277-5 


The measurements carried out upon Colocasia secretion 
show that normally the cell solutes do not pass outwards 
even when there is a rapid stream of water. 


The Peneteation of^Salts INTO Leaves. 
Cbnceriiing the entrance of salts some interesting facts 
have been brought to light by Lewis (1912). This worker 
studied the effect of immersing the leaves of various non- 
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talopliytea in sodium chloride solutions for considerable 
periods. 

' In preliminary experiments leaves were immersed in 
sea-water, and after some hours sections, were cut with 
a dry razor and mounted in ^ silver nitrate. These were 
then exposed to the light of an electric lamp for twenty 
minutes at a distance of one foot. Leaves so treated 
always showed a much more intense reaction for chloride 
than similar leaves examined as a control. The treated 
leaves were in every case thoroughly rinsed before testing. 
The chloride appeared in greatest quantity in the upper 
and lower epidermis and in the palisade cells. This ob- 
servation shows that the quantitative results, to be quoted 
shortly, are not explicable by the entrance of salt solution 
into the intercellular spaces. 

The leaves used for the quantitative determination of 
chloride were thoroughly washed and dried at 100"^ G. for 
an hour and a half. They were subsequently incinerated 
at a tem|)erature sufficiently low to avoid any appreciable 
volatilization of sodium chloride. Titration was then 
carried out in the usual way with silver nitrate after neu- 
tralization of the slightly alkaline ash with nitric acid. 
The same individual jjlants weie used throughout all the 
exiDeriments, and the leaves were kept in darkness, between 
the successive weighings for water determinations. In 
every case the leaves were cut freshly from, the plant and 
their x^etioies sea.led with paraffin wax. At three-hour 
intervals they were removed from the salt solutions and 
weighed after drying quickly. By this means both the 
variations in total weight of the leaves were studied^ as 
well as the final change in chloride content. 

The subjoined table shows the amount of sodium chloride 
in the ash, calculated as a percentage of the dry weight of 
the leaves. Thi'ee experiments with each type of leaf are 
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■ recorded. In i and' 2 the tissue was placed in 3*042 per 
cent, sodium chioridej whereas in 3 sea-water containing 

■ 2*5155 per cent, of this salt was used. The duration of 
experiment' wbs in each case twenty -seven hours.' 'At 
the end of this time the cells were not plasmolyzed, for 
they had recovered initial plasniol 3 ^sis owing to penetra- 
tion of the salt. They w*ere, how^everj rapidly plasmo- 
lyzed when placed in 10 per cent, sodium chloride. Trans- 
ference to tap-w^ater resulted in sj)eedy recovery. This 
shows that the protoplasm was not seriously damaged. 


TABLE XXIX. 

Absorption of Sodium Chloride by the Leaves of Some 
Non-Halophytes. 


PlayiL 

NaCl in Ash 
of U ntreaicd 
Leaves 

, LUiGl ill Ash 
; of Treated 
Leaves. 


Per Cent. 

PtT Cent. 

1. Omnellia japonim 

0-2 

0*9 

2. „ „ 

0-2 

06 


0-2 

03'. ■ 

1. Ihx aquijolhim, . . 

0-3 

'.1*2 ■ 

' 2.' . . . . ■ . . 

0*5 

■ ' 0*8 , ■ ■ 

.■.'■.:L'' Z ' ' I! 

! ■■0-3 " 

■(H) 

1. Syrltiga vulgaris . . 

0-8 

.. ' 4-5 

■■■■ , 9 ' ■■ ’ ■ 

99 ■ SJ ■ ' • * 

0*7 

4*6 ■ 

3, „ „ . . 

09 

4-3 

1. (JavGiidishia acunmiata . . 

0-2 

' 1*7 ■., 

■■'2 ' ' 

0-2 

2-6 

,, , .)9 . 9! • *, • • ; 

0*3 

2*4 . 

I. Arum mamilatwm 

0-9 

8*5 

'.'.9 ■■ ■ " . 

99 • - , •■• 

1*3 

51 

0 . 5j ;; • • ■ • * 

, '0-8 ,! 

R .7 


By these experiments Lewis found that Camellia 
Syringa vidgaris^ and Arum maculatum, showed at first a 
■decrease in weight both in ■ sea-water , and in ■ the salt.solu- 
-tioB of, .approximately the. ■ same strength. After Ihe .first' 
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three to six hours this was succeeded by a progressive 
increase iii weight (except in the case of Anaip where 
there was a loss)* Ilex aqui folium and Ca/venSisMa acu- 
wmiata showed a progressive increase in weight from the: 
time of first iminersion to the end of the ex])eriment. It 
must, however, be noted that the first weighing was not 
made till three hours had elapsed, so the initial loss 
have been missed. An increase in sodium chloride v'as 
found in all the treated leaves. The subsequent recovery 
of the initially plasmolyzed cells was due, as previously?' 
pointed out, to gradual penetration of the salt. 

Of surpassing interest in this connection is the work of 
Overton, Osterhout, and Czapek, by the method of plas- 
molysis and by electrical conductivity and surface tension 
measurements. These researches have imparted to such 
investigations a degree of exactness hitherto unknown. 

Overton’s Theory op the Lipoid Surface Film. 

It was shown by Overton (1895) that the simple alcohols, 
aldehydes, ketones, esters of fatty acids, and alkaloids, do 
not as a rule ]3roduce plasmolysis. Accordingly, it is 
evident that to them the protoplasmic surface is perme- 
able. With glycols plasmolysis is more easily^ eifected, 
whilst glycerol and erythrite act even still more readily. 
On the other hand, all sugars, amino-acids, and salts of 
organic and inorganic acids, bring about plasmolysis with 
rapidity.. 

As pointed out by Overton, his results as to permeability 
may be summarized in the statement that substances 
wdiicli are soluble in fat pass through the protoj)las 2 nie 
membrane with readiness. From this he concluded that 
a thin film of lipoid substances constitute the outer layer 
of the protoplasm. The term lipoid has been used by 
some authors to denote any fat-like substance soluble in 
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ether and chloroform, whilst others restrict. .it to those 
which are non-saponifiable. As all substances which lower 
the surface tension of a liquid tend to become more con- 
centrated at the surface than throughout its bulk, it is 
only to be exjiected that such fatty bodies would accumu- 
late on the outer surface of protoplasm, and also on the 
vacuole wall. A summary of these researches is given bj" 
Czapek in '' Chemical Phenomena in Life/’ 

It must be added that Ruhland (1909) has shown that 
many dyes fail to penetrate the plasmatic surface though 
freel^y soluble in lipoids, whilst others insolubie in lipoids 
and forming colloidal solutions in water enter readily. 
Method orange is an example of the latter class. 

SuEFACE Tension of Pbotoplasm. 

Czapek (1910) measured the surface tension of plant 
cells by noting the diffusion from them of tannin, antho- 
cyanin, etc., when in contact with various solutions; for 
he found that media which brought about such changes 
always had equal surface tensions, amounting to about 
two-thirds that of water — viz., that of 11 per cent, aqueous 
ethyl alcohol. It was also shown by Czapek that emul- 
sions of fatty bodies can cause injurious effects if their 
surface tensions are sufficiently low, as in the case of leci- 
thin or eholesterin. Czapek’s view’ of the constitution of 
the surface film of protoplasm is that it consists of fat in 
the form of a very fine emulsion. The aqueous phase 
filling up the spaces between the globules of fat contains 
a colloidal protein solution. 

Diffebential Pebmeability. 

It has been usual, in studying permeabiiitj^, to assume 
that one surface only need be comsidered — namely, the 
outer plasmatic membrane. Ostcrhout (1913, 3) em- 
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phasized tlio fact that several surfaces iriay be iiiA^olvocl, 
and prefers to speak of surfaces rather than nienihrarios, 
since a definite nieinbrane is not essential for semi -perme- 
ability. 

■ To investigate such surfaces tlie-' marine, alga Griffith si a 
was employed,. Within its, cell wall a' thin layer, of proto- 
plasm surrounds a central vacuole, which expands or 
contracts according as water is taken in or given out by 
osmosis. Such cells diminish in volume when placed in 
hypertonic sea- water, hut regain their normal size when 
returned to their original surroundings. If the cell be 
placed in hypertonic ammonium chloride, instead of in 
hypertonic sea-water, contraction takes place, but the 
inner wall shrinks to a greater extent than does the outer. 
Thus the space between the two surfaces, which is normally 
very small, may increase until in places it is equal to one- 
third of the length of the cell. Thus a distinction must 
be drawn betw^een the outer surface of the protoplasm, 
the plasmatic membrane, and the inner surface, the vacuole 
wall. The explanation of such behaviour may be that 
the outer is more permeable to ammonium chloride than 
the inner. The salt would therefore have a stronger 
plasm olyzing action on the inner surface, since the more 
readily a substance penetrates, the smaller is its efficacy 
as a plasmol^^zing agent. The alternative interpretation 
is that the permeability of the surfaces may be altei^ed by 
the ammonium chloride, and the contraction may be due 
to “ false plasmolysis,” as certain appearances of plas- 
molysis produced injurious actions are termed. The 
behaviour of Griffithsia could then be accounted for by 
the supposition that the false plasmolysis of the inner 
surface was greater than that of the outer. Osterliout 
inclines to the opinion that both effects contribute to the 
result. 
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Wit'ii a lower concentration- of ammonium chloride ■ a 
marked contraction of the inner surface can be produced 
while the outer still maintains its turgidity. That such a 
condition is due, in part at least, to false plasmolysis is 
shown by the fact that it may be brought about by hyfio- 
tonic solutions, tap- water, or even distilled water. 

In the protoplasm of this alga are embedded, numerous 
chromatophores, containing chlorophyll and a red pig- 
ment soluble in water. When separation of the inner 
and outer protoplasmic surfaces has proceeded to a certain 
degree, the surfaces of the chromatophores becomes perme- 
able to the red pigment, as is shown by its diffusion into 
the protoplasm. The outer and inner protoplasmic 
surfaces still remain impermeable to it, so the vacuole 
and surrounding solution are uncoloured. This condition 
may be maintained for a couple of hours, when suddenly 
the pigment begins to diffuse from the protoplasm. At 
the start the nuclei are not penetrated by the colouring 
matter, but soon after diffusion from the chromatophores 
has taken place they also become red. 

From such researches it is clear that the various sur- 
faces of a cell exhibit differences in permeability. For 
these phenomena Osterhoiit has suggested the term dif- 
f erential permeabilitj^. This conception may be extended 
to all intracellular surfaces, down to those which are 
ultramicroscopic . 

False Plasmolysis.. ' 

Appearances almost or quite indistinguishable from 
true plasmolysis may be brought about by hypotonic 
sol iitions, or even by distilled water. These Osterhout 
(1913, 2), to whom the investigations on this subject are 
due, has termed -false^ plasmolysis. V 
The root-tips of were employed as - suit- ' ' 

able for study, and were mounted in their normal medium, 
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sea-water. They were attached to the cower -glasses wiiioii 
formed the roof of an irrigation chamber. After definite 
root-hairs had been sketched by the aid of a camera liicida 
.during irrigation wdth sea-water, the latter was changed 
for distilled water. This had been carefully prepared by 
using glass vessels only, and plugs of absorbent cotton as 
stoppers. It was not toxic to sensitive species of Spirogyra 
or root-hairs of Gypsophila, wliereas water distilled from 
metal stills is poisonous to such ceils. 

Within half an hour of the application of distilled water, 
the Zostera ceils w^ere plasmolyzed, so as to remain in 
contact with the walls at the lower side only. This slow- 
ness of action is not, however, a characteristic of false 
plasmolysis, for the colourless terminal hairs of Polysi- 
plionia violacea contract rapidly, a marked reaction being 
visible at the ends of the ceils within two minutes from 
their immersion in distilled water. Additional proof that 
this was not due to any toxic action of the distilled water 
was furnished by the fact that pond, river, or spring water 
could be substituted for distilled with the same result. 

The phenomenon may in part be accounted for by an 
increased permeability^ of the cell surfaces, as the result 
of which the substances w^hich maintain the osmotic 
pressure diffuse out. That the effects are not due to an 
absorption of water is showm by the failui'e of the ceils 
to increase in size, as well as by the action of isotonic 
solutions of cane-sugar, wiiich produce the same altera- 
tions as distilled water, though not so rapidly. . 

The increase in permeability appears to be occasioned 
by the loss of substances upon which the maintenance of 
normal conditions dej)ends. Of these, the inorganic salts 
are the most imx^ortant, for in sea-water to which an equal 
volume of distilled w=^ater has been added the ceils remain 
turgid, whereas wlien three volumes of fresh water are 
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added to one of sea- water shrinkage takes: place in. seven 
hours, and increases in rapidity if the proportion of fresh 
water he further augmented.. This change in permeability 
has been quantitatively studied , by an electrical method to 
be described later. 

Osterhoiit points out that the observed shrinkage in 
volume of the protoplasm itself when transferred from sea 
to fresh water directty negatives the theories of those 
biologists who seek to explain effects, usually attributed 
to osmotic pressure, as being due to imbibition or to the 
giving up of water by the protoplasm. 

The Permeability of Protoplasm to Salts 
AND Ions. 

Though salt solutions, when sufficiently concentrated, 
bring about plasmolysis readily, yet it is not correct to 
suppose that the protoplasm forms an impenetrable ob- 
stacle to the entrance of the solute. The passage of sodium 
chloride into leaves was demonstrated by the work of 
Lewis described previously. Quantitative researches by 
the author (1909) on the absorption of water by the seeds 
of Phaseolus vulgaris showed that living dry seeds took 
up as miieh water from a decinormal solution of sodium 
chloride as did those which had been killed by chloroform 
vapour. There was no coneentratioii of the solute in the 
surrounding liquid, which shows that it penetrated in the 
same proportions as did the solvent. 

Among the most complete studies upon the penetration 
of salts into protoplasm must be considered those of Pufz 
de Lavison (1911). This investigator studied their entry 
into the central cylinder of roots through the protoplasm 
of the cells of the endodermis and found that with weak 
concentrations the kations of salts of the alkalies and 
alkaline earths, united to non-toxic anions, penetrated the 
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protoplas 111 readily. . . Salts of barium .and of csesium, and 
iodides in general, only entered with diffieiilty. Certain 
salts of aliiinimniii, yttrium, and the majority of the salts 
of the heav}^ metals, did not penetrate at all. 

He further ascertained that the |)ermeability of proto- 
plasm to solutions of low concentration is quite diiferent 
to that with respect to high concentrations. The latter 
enter easily, without killing the protoplasm. Thus it 
acquires certain conditions of dead protoplasm, and con- 
sidered as a membrane it is a modifiable one. In this 
connection OsterhouCs researches quoted farther on are 
of interest. 

Endier (1912) also has investigated the permeability 
of protoplasm by following the influence exerted b}^ 
various salts upon the xaenetration of a dye, such as 
neutral red. He showed that neutral salts, in dilute 
solution, favoured the entry of the dye into living 
ceils of Ulm laotuca, Vaucheria Nitophyllum punc- 
tatum. Increase in concentration, however, resulted in a 
maximum for dye absorption being reached, after which 
the penetration of the colouring matter fell off and finally 
ceased. The curves given by various saife resembled one 
another in form, but exhibited qualitative differences, A 
table showing the order in which the various anions came 
with regard to their effect upon stopping the entry of the 
dye was also drawn up by Engler. The behaviour of the 
anions lent itself more readily to comparison inter se than 
did that of the kations, for the differences between the 
latter are not so sharply defined. Endier later on (1913) 
tried to measure the iso-electric point of protoplasm, by a 
method based upon the influence of hydrion and hydrox- 
ylion upon the coloration of cells. 

The penetration of dyes, acids, alkalies, and other sub- 
stances, has been studied by various physiologists, but 
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to such experiments the objection has been, raised that the 
permeability of the protoplasm had been thereby altered, 
and that it was not shown by subsequent obserTation that 
the cells remained uninjured. Osterliout (1913, 1) in- 
vestigated the absorption of calcium salts by growing 
roots in distilled ‘vra.-ter, ■. 'whereby the root-ha.irs were ob- 
tained free from crystals. On being placed in tap-water 
or dilute solutions of calcium salts, the appearance of 
crystals of the oxalate could soon be observed, thus proving 
the penetration of the calcium, salts. These cells con- 
tinued to develop in a normal manner. The absorption of 
ox^^gen and excretion of carbon dioxide by plant cells shows 
' that the protoplasm is permeable to these substances. 

PbECATJTIONS ..NeOESSABY :IN Elasmolytio 
Investigations. 

In order to guard against errors in the plasmolytic 
method, previously overlooked, attention was directed by 
Osterhoiit (1913, 1) to the following points: 

1. The necessity of finding a solution ivhich could be 
used as a standard in comparative studies. The chief 
requirement of® such a medium is that it should have a 
purely osmotic action, involving no alteration of the normal 
permeability of the plasmatic membrane. Quantitative 
measurements by the electrical method showed that re- 
agents such as solutions of sucrose, sodium chloride, or 
potassium nitrate, were not without an injurious action, 
though previously considered to be quite free from ob- 
jection on this score. It was shown, however, that sea- 
water fulfilled the requirements of such a solution, for hi it 
the various salts are present in such proportions that their 
toxic effects mutually balance each other. Accordingly 
sea-water, suitably . concentrated or diluted, was taken as 
the standard medium for investigations upon plasmolysis. 
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2 . It is important to make frequent observations , keep- 
ing the same individuai ceil under observation tlirougliout. 

3. A distinction must be drawn between true and false 
plasiiiolysisj and where this is impossible the results must 
be rejected, 

4. In experiineiits in which the recovery of the ceil after 
plasinolysis is the proof of permeability, care should be 
taken to maintain a constant temperature, for the process 
takes place more rapidly with increase of temperature. 
Controls in sea- water should be examined at various 
temperatures where constancy cannot be secured. Plas- 
moiysis should be carried to the same degree in each case, 
as the rate of recovery is reduced when the action has 
proceeded to any considerable extent. 

Uniformity of material is also necessary. Osterhout 
employed long filaments of Spirogyra, of Cheetomorpha, 
or portions of the leaf of Eiodea. 

Rate of Peneteation of Salts and Ions. 

Since the more rapidly a plasmolyzing agent penetrates 
a cell the shorter will be the time x’eq aired by the latter 
to recover from plasmoiysis, it is clear that a measurement 
of these times furnishes a comparison of the relative rates 
of penetration of various substances. This ma 3 ^ also be 
determined by the following method: When two com- 
pounds are used to |)roduee the same degree of plasmoiysis, 
it is evident that the molecular concentration, and conse- 
quently the osmotic pressure, must be the same in each 
case, ]3^ovided both fail to penetrate or do so to the same 
degree. If, however, one enters the cell more readily than 
the other, it will require a higher concentration to produce 
plasmoiysis than does the more slowly penetrating body. 
Accordingly, by obtaining the ratios of the osmotic pressures 
of the solutions with respect to that of a balanced solution 
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which, plasmolyzes to the same extent in the same time? 
and at the same temperature, a measure of the relative 
rates of penetration is furnished. The results of these two 
and of the electrical method agree well. 

Ceiteeia oe Peneteatioh of Salts and Ions. 

Overton considered inorganic salts as incapable of pene- 
trating living ceils. They are, it must be remembered, 
aJniost entirely insoluble in lipoids. Osterhout (1913, 1), 
repeating such experiments on Spirogyra, the material 
used by Overton, found that very many salts enter cells 
readily. That they should do so is quite easily under- 
stood if Czapek’s view of the nature of the protoplasmic 
surface is adopted. from piasmolysis of 

ceils left in solutions of salts of ammonium, rubidium, 
sodium, csesium, potassium, lithium, magnesium, calcium, 
strontium, and aluminium, shows that all these salts can 
enter. 

The most striking proof of the penetration of the salt is 
given by the following experiment devised by Osterhout: 
A filament of Spirogyra, divided into several portions, was 
found to be plasmolyzed by 0*2 IST calcium chloride and by 
0*38 INT sodium chloride, but not in solutions of these salts 
of normalities 0*195 and 0*375 respectively. On mixing 
100 c.c. of the sodium salt with 10 c.c. of the coiTesponding 
calcium solution, other portions of the same filament 
underwent rapid piasmolysis on immersion. Thus by 
mixing two solutions, neither of which is able to plas- 
molyze, there results a solution w^ich plasmolyzes strongij. 
The calcium chloride solution has, be it noted, a much 
lo^^er osmotic pressure than the sodium chloride solution, 
but owing to its slower rate of penetration a smaller con- 
centration is as efficient a plasmoly zing agent as a solution- 
of sodium chloride having a higher concentration. 
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, .Evidently tiie remarkable result .produced by the mix- 
ture is brought about by a mutual hindi’ance of each salt 
upon the entrance of the other mto the cells.. The an- 
tagonistic action of various metallic ions has been studied 
in detail by Loeb (1906), who has summarized many of his 
researches in Dynamics of Living Matter.” The experi- 
ment just described shows that the toxic action of each 
salt upon the protoplasm is diminished by the presence of 
the other because then rate of penetration into the proto- 
plasm is greatly reduced. 

This conclusion is supported by the fact that recovery 
from plasmolysis is very slow in a balanced solution of the 
chlorides of sodium and calcium as compared with a solu- 
tion of the sodium salt on]}^ Thus in one species of Spiio- 
gyra recovery requii*es ten hours when in a solution of 
the two chlorides in which the molecular proportion of 
sodium to calcium is a hundred to one, whereas when in 
pure sodium chloride half an hour is sufficient. 

It is highly probable that the outer surface of the proto- 
plasm is not the only one at which the sodium and calcium 
ions exert a retarding influence, but that at all the other 
surfaces, down to those which are ultramicroscopic, a similar 
delay in penetration is occasioned. It is not clear why, 
since the salts ultimately penetrate the protoplasm through 
and through, a retardation in the rate of entry should be 
so important. However, there are several instances in 
colloid chemistry of the influence which the rate of addition 
of an electrolyte has upon the ultimate condition of the 
system. 

Osterhout summarizes the results of these researches as 
follows : 

L Overton’s hypothesis is untenable, since it requires 
that only those salts which are soluble in lipoid should be 
able to penetrate. 
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,2. Evidence has been given ,of the correctness of Loeb’s 
snggestion that the antagonistic action of one salt on 
another is due to the fact that the one hinders the other 
from entering the cell. 

3. The facts brought to light are not at variance with 
the view that the plasmatic membrane is proteid rather 
than lipoid. 

4. The usual piasmolytic methods of determining os- 
motic pressure by salt solutions are at fault. 

5. The confusion between true and false plasmolysis has 
often led to error. 

These conclusions have been tested b}’ the electrical 
method also, in which the resistance of living tissue is 
measured. 

The Electrical Conductivity of Living Cells. 

The work Just described shows that salts enter living 
cells, but throws no light upon the question of whether 
penetration is effected by the ions or by the undissociated 
molecules. To decide this question, Osterhout (1912, 1) 
made conductivity measurements upon living ceils in 
various solutions. For this purpose material which is not 
injured by weak currents must be employed. It should 
also be uniiform in texture. In addition it is desirable 
that the current should pass through as large an area as 
possible to minimize the effect of local irregularities. This 
is most readily secured by using thin sheets of tissue closely 
packed together and separated only by films of the solu- 
tion. The sheets should also be sufficiently rigid to permit 
of manipulation involving the application of pressure to 
insure that the solution filnis are very thin. 

Such conditions being all fulfilled by the fronds of 
varieties of Laminaria,-,the,se were accordingly used by 
Osterhout throughout the investigations. 
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For each experiment from 100 to 200 discs were cut 
from the fronds, and packed together, like a pile of coins, 
'to form a cylinder 5 .to 10^ centimetres long, and about 
centimetres in diameter* These were clamped by a 
ring of glass rods attached to a block of hard robber at- 
each end. Each rubber disc carried a platiuurj! electrode, 
covered with platinum black, against which the algal 
tissue WES pressed by means of a screw. The area of the 
discs of living cells amounted to from 265 to 530 square 
centimetres. The measurements of resistance were carried 
out in the usual manner by means of a Wheatstone bridge, 
and the figures recorded refer to readings taken between 
18-0° and 18•2^ 

The procedure adopted was to immerse the cylinder in 
a solution for some time, and then to measure the resis- 
tance after the apparatus had been removed from the bath 
and superfluous liquid had been allowed to drain awa,y. 

Repeated determinations upon the same roil of discs 
immersed in sea-water showed by their consistency that 
even prolonged treatment did not damage the cells, for 
further work demonstrated that injury is accompanied by 
a fail in resistance. 

The resistance of such a cylinder was found in one case 
to be 1,100 ohms, wdiereas that of a cylinder of sea- water of 
equal dimensions was 320 ohms. Thus the additional resis- 
tance was due to the living protoplasm and walls of the 
cells, for the salts within the tissue are here closely similar 
to those of the sea. That the difference was occasioned 
almost entirely by the living cells is made clear by the 
fact that when these are killed by a 2 per cent, solution of 
formalin in sea- water, or by drying carefully, the resistance 
fell to about 320 ohms. This observation further shows that 
there is no doubt that the ions, which carry the current, pene- 
trate more rapidly into dead than into living protoplasm. 
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The following experiments are descril^ed as typical 
of a number which were performed to determine the rates 
of penetration of various ions: 

A C3dinder of Laminaria discs was found to maintain a 
resistance of 1,100 ohms unchanged for four hours when 
in sea-water. It was then transferred to 0*52 N sodium 
chloride, which has the same conductivity as sea-water at 
the same temperature. Each disc was carefully rinsed 
and re]3laced in the clamp ; such manipulation, when carried 
out in sea-water, only altered the reading slightly. 

Immersion for five minutes in 0*52 N sodium chloride 
sufficed to lower the resistance to 1,000 ohms; after ten 
minutes it had fallen to 890, after fifteen to 780, after 
sixty to 420 ohms. This fail continued till a resistance of 
320 ohms was reached, at which point a constant reading 
was obtained. Thus at the end the tissue had practically 
the same conductivity as sea-water. When replaced in 
sea- water it failed to recover any of its resistance, even 
when allowed to stand for several days. As the sodium 
chloride was nearly isotonic with sea-water, none of the 
observed toxic action could have been due to osmotic 
effects. 

It was shown, however, that replacement in sea-water,® 
at the stage at which the resistance of the tissue had fallen 
only about 100 ohms below its original value, always 
resulted in complete recover}^, the resistance rising to the 
initial figure. 

Thus the rapid alteration in permeability brought about 
by sodium chloride solutions is reversible when not per- 
mitted to proceed too far. 

When living tissue is placed in a solution of calcium 
chloride having the same conductivity as sea-water, instead 
of decreasing, the resistance rises in a very marked manner. 
Thus it may increase from 1,100, ohms to a maximum of 
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I575O: within fifteen mimites, remaining stationary at this 
for some hours. It then slowl^^ sinks, finally reaching the 
value of about 320 oliins as in sodium chloride. If replaced 
in sea-water, soon after the maximum has been reached, 
the original resistance is regained and inai.ntained un- 
changed. ■ , ■ 

When the two chlorides are combined in the same pro- 
portions as those in which they are present in sea-water, 
their antagonistic action is clearly shown. .For when 
placed in such a mixture, diluted till its conductivity was 
the same as that of sea-water, the Laminaria discs neither 
gained nor lost in resistance within twenty-four hours. 

Thus it is evident that the presence of a relatively small 
number of calcium ions greatly delays the penetration of 
sodium ions. 

Further experiments proved that the chlorides of 
potassium, magnesium, csssium, rubidium, lithium, and 
ammonj.um, also the bromide, iodide, nitrate, sulphate, and 
acetate of sodium, act in general like the sodium, chloride, 
though with different degrees of rapidity, whereas the 
chlorides of barium and strontium act like that of calcium. 
Apparently only the positive ions are effective in these 
changes. 

With regard to the increase of resistance occasioned by 
transfer of tissue into calcium solutions two hjrpotheses 
have been formed. One regards the plasmatic membrane 
as unchanged, and explains the increased resistance as due 
to the protoplasm being normally less permeable to calcium 
than to sodium ions. 

Certain facts, however, favour the other hypothesis, 
that the plasmatic membrane itseff undergoes an altera- 
tion as the result of the transfer. Thus Osterhout calls 
attention to certain changes in the appearance of the 
protoplasm brought about by calcium solutions. Alum, 
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too, wlien added in the solid condition to sea- water, greatly 
increases the resistance of protoplasm, although it decreases 
that of the water. 

As pointed out in connection with the plasinolysis ex- 
periments, the antagonistic action of ' various . ions may ■ be 
satisfactorily explained 'by Loeb’s suggestion, that they 
mutual^ hinder penetration into the cells. It must be 
remembered, in connection with objections which have been 
raised to the method of plasmolysis, that the relative powers 
of penetration and of antagonism of various salts have been 
shown to be independent of the concentration within wide 
limits. ■ 

Vabiations in THE Pebmeability of the Living Cell 
— Inflitehce o¥ . Salts ; anb ■ An^esthetics. 

It is held by some that permeability is a fixed property 
of the cell, being only altered as the result of injury, in 
which case the change is irreversible. 

The researches of Osterhout (1912, 2), however, afford 
conclusive evidence that permeability may be increased 
or decreased within certain limits, and that no injury 
results from such alterations. For by means of sodium 
solutions a decrease of over 10 per cent, was effected in 
the electrical resistance of tissue, whereas the normal 
value was recovered by restoration to sea- water. This 
was re|)eated for fifteen days in succession without any 
alteration in the normal resistance. Similarly, treatment 
with salts of calcium or lanthanum resulted in a larger 
resistance being met with, but this, too, was reversible and 
capable of repetition for several days without evil effects. 

With regard to the action of anaesthetics very conflicting 
view^s have been held. They 'were generally believed to 
increase permeability, though some physiologists thought 
the opposite to' be' the; case. ■ 'Undoubtedly the effect of' 
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applying ether, toluene, and chloroform, in quantity to 
plant cells is to kill them and render them pernicahte. 
Thus, C4igiioii (1911). drew attention to their effect, and 
that of essential oils, upon transpiration of crater from 
leaves and upon the permeability of the yeast cell (191 2). 
Armstrong (.1910) and his co- workers have shown that 
under the influence of anaosthetics, and of certain sub- 
stances termed by them hormones, actions take place 
within the cells by which enz^nnes and their substrates 
are brought into contact. Varied phenomena ensue, such 
as liberation of hydrocyanic acid from certain glucosides, 
and oxidations resulting in pigmentation. Dixon and 
Atkins (1913, 1) also have found that ansastheties greatly 
increase permeability, for cell sap is much more readily 
pressed out after their application. It must, ho’wever, 
be considered whether these are toxic and irreversible, as 
distinct from true anaesthetic effects, which are reversible. 

To decide this important question, Osterhoiit (1913, 1) 
measured the resistance of tissue after exposure to anaes- 
thetics. He found that very low concentrations of these 
substances produce little or no effect, but a point is soon 
reached at which a decided decrease of permeability occurs. 
With still further increase in concentration this diminution 
becomes more pronounced, and may be maintained for 
several hours in presence of the anaesthetic. This change 
of permeability is completely reversible and without inj ary 
to the cells. 

Jf, however, a larger amount of anaesthetic be adminis- 
tered, an additional decrease in permeability is observed. 
This is folloAved by a rise to far above the normal, and if 
the concentration be sufficiently high the increase con- 
tinues till death supervenes. 

In these experiments it is seen that the decrease in per- 
meability is easily reversible, whereas the increase is not. 
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■For it is only., in exceptional cases, when, it has proceeded 
blit a very little way, that the process can be even partially 
reversed. These facts ail favour, the , view that the true 
ansestlietic action is due to a decrease in permeability. 

Similar investigations by the electrical method have 
demonstrated that sucrose, glucose, and glycerine, sub- 
stances so frecjuently employed in plasmolytic researches, 
all cause a marked, hut reversible, increase in permeability. 

TABLE XXX. 


Effect of Liquid Aib m BEUDEBijiG Pbotoflasm 
Pebmeable. 


8ap from — 


0x105. 

0x103 

"a '■ 

Eedera Mix, leaves untreated 

0-767® 

403 

6-2 

Same sample frozen 

1-255® 

605 

4-8 

Ilex aqttifolium, roots untreated . . . . 

0-531“ 

563 

10-6 

Same sample frozen . . , . 

0-682® 

629 

9-2 

Leaves untreated . . . . . , 

0-651® 

433 

6-6 

Same sample frozen . . . , . . 1 

1-130° 

619 

5-4' ' 

Pyrus malus, fruit untreated 

1-507® 

171 

1-1 

Same fruit frozen . . . . , . . . 

1-919® 

161 

0-8 

Solarium tiiherosum, ixihev \m%tQ 2 biQd. 

0-523° 

■ 655 

11-0 

Same tuber frozen . . . . 

0*588® 

583 ■ 

9-9 

F fruit untreated .. 

2-567° 

132 

0-5 

Same sample frozen . . . . 

3-185® 

112 

0-3 

Cliamcerops humilis, leaf untreated . . 

0-365® 

' ,'298 , 

S-1 

Same leaf frozen . . . . . . . . 

1-629®' 

752 

4*9 

Beta vulgaris, XQot 

1-473® . 

570 

3-9 

Same root frozen . . .. 

1-761® 

555, 

■3-2"' ■',■■ ■'■ 


There can now be no doubt that Osterhout has shown 
that the permeability of the plasmolytic menibrane is 
variable, and that it depends on the nature of the sub- 
stances wdth which it is in contact. Thus the internal 
surfaces, of the nuclei, vacuoles, and plastids, niay have a 
permeability which difiers cGnsideiably from of the 
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external surface of tiie cell. 'The effect of various sugars, 
before alluded to, has very probably an important bearing 
on the translocation of these carbohydrates, and systematic 
researches by the electrical method may go far towards 
explaining, the functions of the. difterent ,iiie,mbers of this 
group. 

Osterhout’s researches have afforded very valuable in- 
formation on this difficult branch of |)hysiology, and have 
demonstrated that the permeability of a tissue is a; delicate 
index of its vitality. The preservation of a normal degree 
of permeability is, therefore, of the greatest importance to 
every cell. 

As previously mentioned, anaesthetics increase the per- 
meability of the protoplasm, thereby allowing the cell 
solutes to be pressed out in the same proportion as that in 
which they normally exist. The same effect is produced 
by intense cold. From results obtained by chemical 
analyses, Andre (1906 and 1907) concluded that the total 
concentration, but not the relative proportions of the con- 
stituents, of such expressed saps underwent alteration 
during the application of the force. With this result the 
experiments of Dixon and Atkins (1913, 1) are at variance, 
for, instead of remaining constant, the ratio of the electrical 
conductivity to the freezing-point of the sap w-as higher 
in that from organs pressed direct than when obtained 
from those rendered permeable by immersion in liquid air. 
This demonstrates the greater j)ermeability of the X->roto- 
plasm to electrolytes, upon which the conductivity depends, 
than to the solutes as a whole, including the sugars. The 
conductivities recorded for the saps of treated tissues may 
be slightly too low owing to the increased viscosity oc- 
casioned by the sugars. This, however, could not reverse 
the results, for Heald (1902) has shown that the ash of 
plant sap, when diluted to the correct concentration, 
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affords closely the same- conductivity as the sap itself. 
Table XXX. substantiates this selective permeability of 
tlie ])rotopIasm. In it A denotes the depression of freezing- 
])oiiit, and C the electrical conductivity in mhos at 0°, and 
a few ty|)ical results are shown. It should be mentioned 
that the pressed sap upon which these measurements 
wcr<^ made by Dixon and Atkins wms freed from cell debris, 
by means of a powerful centrifuge. 

The Measurement of the Antagonism oe Ions. 

Osterhout (1914, 1 ) has quite recently still further in- 
creased the precision of investigations on the antagonism 
of ions by introducing suitable quantitative criteria. As 
a basis he advocates the mixing of equally toxic solutions. 
This may give rise to one of three possible effects : 

L The toxicity is unaltered, which means that the toxic 
action of the two salts is additive. 

2. The toxicity is dimimshed, in w^hich case the salts are 
said to have an antagonistic action. 

3. The toxicity is increased. 

To represent these actions the molecular compositions 
of the mixtures of equally toxic solutions of t-wo salts, A and 
E, may be taken as abscissae, and the amounts of growth 
in any solution marked off as ordinates. Then in the 
graph (Fig. 7) the additive effect will be represented by 
the line LJM parallel to the composition axis ; LKM is the 
antagonism curve, and LHM sho\rs the behaviour of 
mixtures of increased toxicity. 

By the method of mixing two equally toxic solutions 
disturbances due to variations in osmotic pressure are 
eliminated. For if one substance, A, is twice as toxic as 
another, B, molecule for molecule, it is evident that a 
solution of A will be isotoxic with a solution of B 
But if the osmotic pressure of the solution of A is less than 
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that of the solution of B, a better growth may in scjim/ 
: cases occur in the former. . To compensate for this the 
concentration^ of A must be slightly increasecb in order to 
obtain truly isotoxic solutions. When the effects of the 
two salts used are additive, a straight line parallel to the 
concentration axis represents their action, as in Fig. 7. 



JPiG. 7. Curves showixct the Growth of Roots in Mixtures of 
.Equally Toxic Solutions of Two Salts, A and IJ, 

the ordinates represent gro%vtli and the abscissa* represent the compo- 
sition of the mixture in molecular percentages. 

The antagonism of any mixture may then be expressed 
as the height of the curve, at any concentration, which 
rises above this straight line, divided by the distance of 

the straight line from the base. Thus, in Mg. 7, rep- 

JE 

resents the antagonism of an equimolecular mixture of 
A and B. This may be expressed conveniently as a per- 
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centa'ge of JE- 


' KT ' ' 

-namely, as x 100. 
J hi 


Similarly, tiie increase 


of toxicity which is occasionaily met with may be repre- 

. sented by ® ^ ■ . ■ ' ■ 

JE 

Osterhoiit has illustrated his method by the following 
table. The percentages refer to molecular proportions. 
More recently (1914, 7) he has shown that the form of 
the antagonism curve is also dependent upon how^ long 
the cells have been in contact with the salt solution. 


Wheat 


TABLE XXXI 

I^IixTTjREs OF Equally Toxic Solutions. 

-NaCl 0*12 N+ CaCIa 0-164 N. 


Culture Solution. 

Aggregate Len0i 
of Roots ‘per 
Plant in Milli- 
metres. 

t; ■■ 

Additive 

Effect. 

CaOia . 

.. .. 

. 55 ■ ' 

' ■ 

,'55 

75 per cent. CaCUl 

26 „ NaCl / • • 

105 

■ 55 . 

50 

50 

CaCl,1 
NaCf/ •• 

180 

'.'■■55''''" 

26 » 

75 

CaCl.i-\ 

NaCl / • • 

298 

, . ■ 55 

15 

85 

CaCIol 

XaCf / * • 

370 

: , 55 :■ 

5 „ 

95 

CaCIol 

XaCf / • * 

■ 435 ■ 

"■ ';■■■'■ ■ ■ '■!' 

55 

1 

99 

OaClol 

NaOf / • ■ 

■' 300. . ' I 

■! 

/ : 55'- : ■ 

NaCl . . 

.. 

; 55 ■■■ ■ 1 

'■ ■■:55- ''1. 


Antagonism. 


105-55 


55 


ISO- 

55 

55 


298- 

55 

,”^'"'■■55 


370- 

55 

, 55 


435- 

55 

55 


300- 

55 

■ ' ■ '55 



0-91 
2*27 ' 
442 

■5 m': 

= 6*91 
- = 4*45 


Osterhout emphasizes the fact that the growth of parts 
not in immediate contact with the solutions does not 
furnish a trustworthy criterion of antagonism. 



OaCl2 io¥o 

Fig. 8.-~Diageam representing the Compositioij op Various Mix. 
TUBES OP THE CHLORIDES OP SODIUM, POTASSIUM, AND CaLCIUM, 
OBTAINED BY MKING ISOTOXIC SoEUTIONS OP THE COMPONENTS 

The numerals refer to molecular percentages. This serves as the base 
of the solid model shown in Fig. 9. 


three components. This is at once apparent on referring 
to Fig. 8. Osterhont found that the roots of wheat grew 
equally w^ell in solutions of sodium chloride 0*12 M, potas- 
sium chloride 0*13 M, and calcium chloride 0*164 M. The 
apices of the triangle, C, B, and A, represent res|)ectively 
23ure solutions of the salts of the above concentrations. 
Thus G denotes a mixture of the chlorides of potassium 
and sodium in which the molecular composition of the 
first- mentioned salt is 75 per cent. 


> To represent the antagonism of mixtures of three salts, 
Osterhout (1914, 2) made use of Booseboom's method,.. 

: which is- fully described in Findlay’s “Phase Rule.'” It., 
consists in the construction of an equilateral triangle, each 
side .of which is made equal .ho 100 units. The apices 
represent 0 or 100 per cent, of one of the three com- 
ponents. Thus a point on any side denotes a percentage 
of a mixture of two substances, whereas a point inside 
the triangle defines the composition of a mixture of all 


10Q NaCl 
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, ■'.Witliin the, triangle' the point M, for example, denotes, 
a molecular concentration of 25 per cent. CaCh, as it is 
on the line FJ parallel to the base which is opposite the 
GaCL apex, and begins and ends at points which are distant 
from the base 25 per cent, of the length of a side, and 
situated in the sides BA and CA. The point M is also on 
the lines EH and GL denoting concentrations of 50 per 
cent, potassium chloride and 25 per cent, sodium chloride 



Ca 


Fig. 9.— Solid Model showing the Foems of the Antagonism C-ueves 
IN All Possible Mixtuees op NaGl 0-12 M, KGl 0-13 M,, and 
CaCl2 0T64M. 

respectively. Accordingly M represents a mixture of 
25 per cent, calcium chloride, 50 per cent, potassium 
chloride, ^.nd 25 per cent, sodium chloride. 

At any point on or within this triangle ordinates may 
be erected to denote the growth of the plant organ under 
investigation. When a sufficient number of points have 
been obtained, a solid model may be constructed. This 
describes completely the amount of growth taking place 
in of the solutions. . Fig.' 9 shows such a model. 
the solid figure the additive effect is represented, not by a 
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line, but by, a plane parallel to tlie base. To determine 
the antagonism of any of the mixtures, it is only necessaiy 
to measure the he.ight of, the ordinate at the point repre- 
.,seiiti,ng the parti,cii,lar coneentration under consideyra-tioru 
and, having also measured the height of the plane of the 
additive effect ■ (which ' is 55 for wheat roots, as shown in 


Soil. 100 is M 50 Z5 0% 

D. 0 Z5 50 7B 100% 

Fig. 10. — Method of expressing Antagonism in AIixtxjbes 

CONTAINING MORE THAN ThREE COMPONENTS. 

Three of the components (A, B, and C) are combined in Solution 1, and 
various amounts of the fourth comimnent {.Z>) are added; the ordi- 
nates represent growth; the abscissas represent the composition of 
the mixtures. Thus, at the point M the mixture contains 02 ‘o c.e. 
of solution 1 to each 37*5 c.e. of Solution D, The antagonism at 


Table XXXI.), to subtract it from the total, and to divide 
the remainder by the amount subtracted. 

When solutions of more than three components are 
employed, Osterhout recommends the following procedure: 
Starting with isotoxic solutions A, B, C, and D, a mixture of 
the first three may be made, and named solution 1. To 
this various amounts of D may be added ; taking the growth 
in the mixtures as ordinates, a graph may be constructed 


sf 






\F . "~| 


A 100., 

B 0 ' 


1L~Effeot of Dilution on the Foems of Antagonisivi Citeves, 

The ordinates represent the growth of roots in solutions, the composition 
of which is represented by the abscissae. For example, on the curve 
ODE the ordinate at G represents the growth in a mixture of A OT M 
' and B 0*12 M in such proportions that 75 per cent, of the dissoived 
molecules are A, and 25 per cent, are B. In the curve immediately 
above ODE the ordinate at G represents the growth in a mixturV 
of A O'Oo M and B 0*06 M in the proportions denoted by the 
.point Q, 

such as Fig. 10. In it the dotted line denotes the additive 
effect. Antagonism may be measured as usual ; for example, 

at the point M it is 

^ Misr 
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Thoiigli Osterliout iilustrated this quantitative method 
by data obtained by the measurement of the roots of wheat 
seedlings, this might have been eqnaUy well done bi" 
measurements of electrical resistances of tissues and their 
alterations in isotoxic salt solutions of various composi- 
tion. The underlying phenomena of all such experiments 
are alterations in the permeability of the proto|)lasni, 

Pure water. 


A WO 
B 0 


0 % 

100 


Fig. 12.— DiAGBiJvi repbesextin-g the Composition of Solutions. 

(This serves as a base of the solid model shown in Pig. 13.) 

The lowest line represents mixtures of solutions of two salts A and B ; 
the line EF represents the same mixtures diluted with an equal 
volume of water. Any line drawn parallel to EF will express th e 
same mixtures diluted to a degree corresponding to the position of 
the line. On the line GD all points represent distilled water. 

which by the constructions described in the preceding para- 
graphs can now be expressed in a quantitative manner. 

The effect of variation of the concentration of the iso- 
toxic solutions has also been studied by Osterhout (1914, 3). 
The forms of the curves were found to become much flatter 
as dilution proceeded, but the proportions showing' the 
greatest degree of antagonism appear to remain practically 
unaltered as shown in Fig. 11. To illustrate the results 
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obtained by diluting mixtures of isotoxic solutions, A and 
B, Osterlioiit employs a solid model in which the ordinates 
are lengths of growth and the base is a square, one side of 
\diich, CD, represents pure water, and the other side, GH, 
the solution. This can be diluted with water, the effect of 



Fig. 13. — A Solid Model which gives a Complete Desosiption of 
THE Changes peoduced in the Form of the Antagonism Curve 

BY ALTERING THE CONCENTRATIONS OF THE SOLUTIONS. 

which is to shift the line representing it inwards lialfw^ay 
towards the side CD. It then will occupy the position 
EF, as shown in Fig. 12. 

By altering the composition of the isotoxic mixture also, 
a number of lengths of growth may be obtained, and a 
solid model may then be constructed, as in Fig. 13. 
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.. ...Tile alteration ill permeability produced by. an alkaline 
...■.medium basiormed tbe subject of a recent paper by Osfcer-* 
bout (1914, 4). Warburg ,,(1910) noticed that the rate of 
oxidation .in the, egg of the sea-urchin increased when the 
surrounding sea- water was made faintly aikaline, even 
though the sodium hydroxide used to produce this eifect 
failed to penetrate into the egg, as was shown by previously 
staining the latter with an indicator. This peculiar oc- 
currence was thought by Osterhout to be due to an alteration 
in the permeability of the egg, for oxidation would be 
increased if either the entry of oxygen or the exit of the 
products of oxidation were facilitated. This surmise was 
fully borne out by experiment. For example, it -was found 
that the electrical resistance of discs of the thalius of 
Laminaria saccharina decreased rapidly when placed in 
sea- water rendered alkaline to the extent of containing 
0*0052 gramme - molecule of sodium hydroxide per litre. 
The fail amounted to about 70 per cent, of the original 
value. When placed in a solution of the chlorides of 
sodium and calcium containing considerable quantities 
of the latter, the resistance increased at first, and then de- 
creased. The addition of sodium hydroxide to such a solu- 
tion caused the initial rise to be less noticeable, and dimin- 
ished the time required for the fall to take place. Very 
dilute alkaline solutions were, however, without eifect; 
thus 0*001 M sodium hydroxide and all weaker solutions 
are harmless. With these results the conclusions of Loeb 
and W'asteneys (1913) are in agreement. These authors 
repeated Warburg's experiments, and found that 0*001 M 
sodium hydi’oxide had no accelerating action upon the 
oxidations taking place in the egg of the sea-urchin. 
Higher concentrations injured the egg and raised the 
rate of oxidation. 

The possibility that the antagonistic action of salts might 
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be due to oppositely charged ions has been carefully con- 
sidered by Loeb (1914), and iniich evidence has been 
adduced by him against this view. Some years previously 
Loeb (1899) drew attention to the fact that the action 
of the ions Na*, K% and Ca'\ with regard to the absorption 
of water by soaps and by muscular tissue, was very similar, 
Hansteen Cranner (1914) showed that the same parallel 
held good for their influence upon the absorption of w^ater 
by roots and by isolated plant cells. These facts lend sup- 
port to Robertson’s (1910) view that the action of calcium 
in antagonizing sodium is due to its forming insoluble 
calcium soaps with the plasmatic surface, whereas those 
of sodium are soluble. 

The effect of acid ujDon permeability has also been 
investigated by Osterhout (1914, 5), who found that, while 
alkali merely increases permeability, an acid, such as 
hydrochloric, produces a rapid decrease, followed at once 
by a rapid increase which continues until the death -point 
is reached. It had been pointed out by Loeb that the 
effect of acid upon the imbibitional swelling of muscular 
tissue and upon the duration of the life of Tundulus could be 
antagonized by sodium chloride. Osterhout, too (1914, 6), 
working as before with Laminaria, proved by means of 
conductivity measurements that acid could antagonize 
the action of sodium chloride, though the degree of antagon- 
ism was not as great as between this salt and calcium 
chloride. He further showed that life camiot be main- 
tained as long in the most favourable mixture of acid and 
sodium chloride as in that composed of the latter and 
calcium chloride. These results are considered by Oster- 
hout as affording additional evidence for the view that 
the plasmatic membrane of plants is protein in character. 

In addition Osterhout (1915, 1) has shown that the 
permeability of protoplasm may be greatly increased or 
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diminished 'witlio'ut injury. ' A rapid aiternatioii of iiicreaso 
.(amounting to 20 'per cent. . above normal) and decrease 
.(amounting to 39, per cent, below , normal) failed to 
produce any evil effects. 

He has also (1915., 2) drawn attention' to the remarkable 
difference between monovalent and bivalent katioiiB in 
their effects on permeability. While none of the mono- 
valent kations except hydrion are able to decrease per- 
meability, all the bivalent kations so far investigated are 
able to do so to a marked degree. These include the 
bivalent ions of magnesium, calcium, barium, strontium, 
manganese, cobalt, iron, nickel, zinc, cadmium, and tin. 
Furthermore, he has demonstrated (1915, 3) that the 
trivalent kations of lanthanum, cerium, yttrium, iron, 
aluminium, and the tetravalent kation of thorium, are 
ail able to decrease permeability to a considerable extent. 


The Effect of Alterations in Temperature 
UPON Permeability. 

This subject has recently been investigated by Eekerson 
(1914), and the results obtained lead to the conclusion 
that thermotropism is intimately connected with altera- 
tions in permeabiiit}", and consequently in turgor. 

Rysselberghe (1901) had previously sliowm that the 
permeability of epidermal ceils of Tradescmitia discolor to 
dissolved substances such as glycerol, carbamide, and 
potassium nitrate, increases with rise of temperature from 
0° to 30®. Lejpeschkin (1905), wmrking with another plant, 
found an increase of permeability from 0° to 20®, and a 
decrease from 20® to 35®. This worker also proved that 
the permeability of protoplasm to sucrose does not change 
wdthiii a moderate range of temperature, though that of 
potassium nitrate increases, as a consequence of which 
higher concentrations are necessary to bring about plas- 
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nioh^sis. To test whether changes of permeability had 
■ taken place in varions, Toots exposed to a snccessioii, of 
■temperatures, Eckerson plotted the molecular conceiitra-; 
tions of sucrose, glucose, -and potassium nitrate solutions 
necessary to produce slight plasmolysis against the several 
temperatures at which experiments were conducted. The 
results obtained with Eaphamis sativus are shown in 
Fig, 14. Similar experiments were also performed with 
other plants, and the temperature at which permeability 
ceased to increase or began to decrease was noted in each 
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Pig. 14 . — Raphanus aativus : Curves showing the Eeeect of Tem- 
perature ON THE PERMEABILITy OF RoOTS TO POTASSIUM NiTRATE 
AND Glucose; Ordinates indicate the Percentage Wt.-Mol. 
Solutions producing slight Plasmolysis, and the Abscissa: 

REPRESENT TEMPERATURES. THE HORIZONTAL GRAPHS REPRE- 
SENT Glucose. 

case. When these are tabulated and compared with the 
limits of positive and negative thermotropism of the same 
roots a very striking similarity is revealed. The following 
table, quoted from Eckerson’s paper, illustrates this. The 
temperatures recorded are those inside the vessel con- 
talning the roots. 

In the table + denotes positive curvatures and increas- 
ing permeability; 0 denotes no curvature and no change 
in permeability; - denotes negative curvatures and de- 
creasing permeability. (K) and (w) refer to results obtained 
by Klercker (1891) and Wortmann (1885) respectively. 
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TABLE- XXXII. ■ 

THERMOTEOPIO OuRVATUEES AKD PeeMEAB.[LITY VAEIATIOiTS 

OF Roots. 


1 . Raf harms sativus 

2 . Pisiwi sativum . . 

3 . Rina pis alha 


5. Phaseohis m.uUi- 
florus (primary 
roots) 


i ' 

I + , |.^ 0 - , 

-f- . .!, . — 

1' Curvatures 

^ 7-15°- 16-23° 

24-36° 1 38-51° 

\ Permeability i 

i 10-14T 18-24=" 

24-40° , 40«50° 

/ Cur vatures 

8-15° , 17-29° 

. — 34-50° 

' j I Permeability ; 

6-15° i 15-35° 

— , ' . 35-45° ■ 

]j Curvatures (K)i 

14-29° L — i 

— .None 

’ ( Permeability 

10-30° 30-45° 1 

— None 

f Cui’vaturos (k) 

None — 

— ‘ 15-40° 

Impermeability 

None 12-20° 

-• j 20-40° 

^ ] f Cu r vat ures ( vv ) 

None , 8-22° 

— 1 22-50° 

^ j (Permeability 

None 13-20° 

■ — 25-40° 

y / Curvatures (w) 

i0-?° — 

•— ! ’-40° 

\ Permeability ; 

6-25° ' — 

— 1 25-40° 


The interpretation of the results of this investigation 
appears to be that, since there is such close agreement 
between the temperature limits of thermotropic curvature 
in a positive direction and increase of permeability, and a 
similar relationship exists between negative thermotropism 
and decrease of permeability, it is to be concluded that the 
occurrence of curvature in any direction is due to the 
diminished turgor of the cells on that side owing to their 
increase in i3ermeabiiity. When the curvature is positive 
the effect of heat is to increase permeability^, for the ceils 
on the side next the source of heat are at a slightly higher 
temperature than are those on the opposite side, and as a 
consequence are more permeable and less turgid. When 
a negative curvature takes place, it is because at the tem- 
perature in question the effect of heat is to diminish per- 
meability, and so the side remote from the source possesses 
the smaller turgor. 
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■ Tills interesting research definitely removes thermotro- 
'. pisni from. , the class of mysterious pheiiomeiia which are 
said to be due to the action of stimuli. 

■ The Eeeeot oe Vaeiations m the Intensity of 
Illumination upon Pebmeability. 

A very elaborate research upon the alterations in per- 
meability brought about by variations in illumination 
was carried out by Trdndle (1910). He concluded that the 
alteration in permeability which takes place under the 
intluence of light is a typical stimulus action, for in the 
narcotized condition no change in permeability takes 
place. In view, however, of the fact that Osterhout has 
shown that the eifect of small quantities of ansesthetics 
is to decrease the permeability, it is possible that Trondle^s 
verdict on this point may need revision, as a decrease due 
to illumination might just balance an increase due to 
a narcotic. 

Trondle found that prolonged illumination (about twenty- 
four hours) led to a decrease in permeability with strong 
intensities. With medium intensities an increase was 
observed, whereas with weak intensities a decrease again 
resulted. Exposure to a strong light for a short time was, 
on the contrai‘y, seen to produce an increase. Storage 
in the dark leads to a return of normal permeability. 

Under natural conditions of growth the permeability 
of plant cells increases with the intensity of illumination. 
The physiologicarimportance of this change appears to be 
that it permits of the translocation of assimilates from the 
leaves. It does not, however, appear j)i’obable that all 
phototropic curvatures are directly attributable to altera- 
tions in permeability due to the action of light, as cases 
are known in which a stimulus is transmitted to a region 
shielded from light. 
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■ The Constitution of the Protoplasbiic Siteface. ■ 

It has been alreacty pointed out that Overton su])|josed 
the surface of protojhasm to be covered over with a layer 
of lipoid substances, such as iecithin or cholesterin. This 
hypothesis was based upon the behaviour of such bodies, 
which, in accordance with the well-known thermodynamic 
deductions of Willard Gibbs, tend to accumulate on the 
surface. 

The view was subsequently advanced by Czapek that 
the true structure of the surface was that of a fatty emul- 
sion in a colloidal solution of protein. In answer to 
Lepeschkin's criticism (1913), Czapek (1914) has recently 
emphasized the fact that he does not regard the fat as 
being in globules of any considerable size, for such a 
mixture would have a surface tension approximating to 
that of pure water. An emulsion, hqwever, the droplets 
of which are for the most part less than a micron in size 
can have a low^ surface tension. Particles which are 
smaller than 6 yy — the limit of visibility with the ultra- 
microscope — are termed amicronic. Czapek accordingly 
assigns to the protoplasmic surface the structure of an 
amicronic emulsion. 

With regard to Czapek's measurements of the surface 
tension of living cells, Vernon (1913) has raised the objec- 
tion that, out of twenty-nine solutions of substances which 
lower surface tension, twenty-two have no toxic action till 
the surface tension is about 0-68 (that of water to air being 
taken as unity), as shown by Czapek. The remaining 
seven, however, are injurious even when their surface 
tensions are only from 0-82 to 0*99. In reply the argument 
has been brought forward that such exceptions may readily 
be accounted for as due to a chemical poisonous action, 
and that, when a single case can be instanced in which a 
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' solution with a smaller surface tension than 0*68 is without 
, a destructive action upon living cells, a really valid objection, 
, ..will have been brought forward. , Czapek's work, showing 
; the .siniilari^^ surface tension of fat emulsions, and living 
cells, gives much support to the view that they have 
structurally similar surfaces. The profound influences 
exerted by various salts upon the permeability of proto- 
plasm, recently revealed by the researches of Osterhoiit, 
seem to have their origin in the action of the solutes upon 
the degree of dispersion of the proteid and fatty colloids 
of the surface. It has also been pointed out that the intake 
of salts by the living cell is regulated largely by the laws 
of adsorption, and that in this the sjiecific selective action 
of the surface colloids is of the greatest importance. 

An interesting account of researches on osmotic pressure 
and the permeability of protoplasm, carried out before 
1903 has been given by Livingstone. 

Note. — Osterhout (1915, 4) has since studied the effect 
of dilution upon the isotoxicity of isotoxic mixtures, and 
has given a correction to be applied for the change, which 
is generally of negligible magnitude. An important research 
by Stiles and Jorgensen (1915) has also just appeared. 
They measured the rate of diffusion outw^ards of cell 
electrolytes by determining the change in conductivity of 
the external medium. They conclude that, within limits, 
the rate of exosmosis is a measure of the toxicity of the 
medium . 


CHAPTER Vm 

THE PERMEABILITY OF 0PX4ANI0 MEMBRANES OTHER 
THAN PROTOPLASM 

A NTJMBEB of animal and vegetable membranes are now 
known whicb exhibit to a greater or less degree the pheno- 
menon of semi-permeability, and a few have been investi- 
gated within recent years which disclose a remarkable 
selective action towards substances in solution. 

These are of interest, not only in themselves, but also 
because they afford macroscopic demonstrations of osmotic 
phenomena. 

Permeability op Some Animal Membranes. 

One very simple experiment illustrative of these pheno- 
mena consists in boiling a sausage. The animal membrane 
which constitutes its covering is freely permeable to water, 
but does not admit of the outward passage of salts at ail 
readily. The result is that, both on account of the osmotic 
action of the salts inside and of the imbibitional intake of 
water by the coiioidai animal tissues, a stretching of the 
membrane results to such a degree that bursting usually 
occurs. If punctured before rupture of the membrane has 
ensued, a quantity of liquid will, in the majority of cases, 
be squirted out. 

The membranes of the egg of the common fowl were 
also found by the author (1909, 2) to show features of 
interest. Immediately against the shell lies a tough mem- 
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iH'aiie, ill contact with which is one of a more deliccite 
nature. The yolk, too, is enclosed in a very delicate 
membrane. 

At one end of the egg the two nieinbranes are separated 
by the air space. Careful removal of the shell permits of 
the outer one being placed in contact with distilled w^ater 
b}" standing the egg on end in a small dish. In this posi- 
tion the two membranes are adpressed. On testing some 
of the surrounding water with silver nitrate from time to 
time, it is seen that chlorides only diffuse through slowly. 
When, however, the outer membrane is ruptured, a rela- 
tively rapid diffusion of chloride takes place, showing 
that the inner is far less resistant to the passage of salts 
than is the outer membrane. 

The membranes, both outer and inner, are readily 
penetrated by water; for when the shell has been removed 
from one end in such a way as not to injure the membrane, 
and a long, narrow glass tube has been passed through the 
membrane and cemented in at the other end of an egg, it 
is seen that the contents rise in the tube when the mem- 
brane is placed in contact wdth w^ater. This experiment, 
described by Bergen and Davis (1906), has been found, 
to be of considerable value as a lecture illustration. The 
yellow colour of the column, secured by puncturing the 
yolk, renders it easy to be seen, and a rise of over a metre 
may be obtained. This height is sometimes maintained 
for several days. Semi-permeability may also be demon- 
strated by means of the yoke of an egg. The white and 
yolk of the egg of the common fowd, Gallus hanhiva, are 
isotonic, and possess an osmotic pressure of 5-5 atmospheres 
as determined by the cryoscopie method. When the 
yolk is transferred to water, it swells and at the same time 
becomes paler in colour. In this distended condition 
the membrane is very easily ruptured, and cannot even sus- 
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tain the weight of its own contents, 'for on draiiiiiig off' 
the water. veiy slowly rupture always occurs. Before, 
this osmotic intake of liquid, the yolk membrane is, if 
the egg is fresh, quite able to remain on a fla.t surface un- 
supported by surrounding liquid. 

Osmotic and imbibitional absorption of water may also 
be illustrated by the folio^diig experiment ; The shell of 
an egg is dissolved awaj^^ completely by dilute hydro- 
chloric or acetic acid, which penetrates slowly into the 
interior. When placed in pure water the egg increases in 
volume to a very marked degree, the membrane becoming 
tense. In a strong salt or sugar solution the volume 
diminishes only slightly, partly because the membrane 
is by no means strictly semi-permeable, and partly because 
much of the increase is due to the imbibitioiial swelling of 
the contents of the egg, which have been coagulated by the 
acid. 

It may be remarked that for demonstration purposes 
semi-permeable membranes of collodion mounted on silver 
gauze, and on which copper ferrocyanide has been pre- 
cipitated, seem very suitable and easy to prepare. Fouard 
(1911), who introduced the method quite recently, has even 
used it for quantitative work, such as molecular weight 
determinations. 

PbBME ABILITY OF SeED CoATS. 

While engaged in an investigation on barley seeds, 
A. J. Brown (1909) found that the: seed coat exhibited a 
very peculiar selective permeability, in that whereas 
water passed through it freely, and ionized salts, sugars, 
and other substances, were held back, yet certain feebly 
ionized salts, such as mercuric chloride and cadmium ioch'de, 
together with alcohols, aldehydes, ketones, esters, and 
the simple fatty acids, were able to enter the seeds more or 
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■ ::!'ess rapidly. ■ This discovery gave rise to much experimental 
work which is now too well known to be described here. 

'Suggestion was. made by . Armstrong (1909) that the 
peculiar grouping of substances brought out b,y this research 
might be due to the relation of the various compounds 
to water, those which formed hydrates being held back, 
whereas the remainder, which were not h3Hlrated or only 
feebly hydrated, po>ssessed the power of penetrating the 
seed coats. It is certainly remarkable that whereas 
aqueous alcohol can pass into the seeds very freely, yet 
when in the anhydrous condition this substance is unabl 
'■"to enter. 

It wavS shown by Schroder (1911) that wheat possessed 
the same type of selectively permeable coat. 

Quite' recently Shull (1913) has added considerabty to 
our knowledge of the subject by his experiments on Xan- 
thium glabratum. Seeds of this plant, carefully dried at 
40° over phosphoric anhydride, were found to germinate 
vigorously after j)rolonged immersion in ether, chloroform, 
acetone, and absolute alcohol. It was not necessary to 
remove the last traces of water from these liquids, this 
point being tested directly. Moreover, even 95 per cent, 
commercial alcohol did not kill air- dried seeds till after 
over four days’ immersion. This confirmed the previous 
work of Giglioli (1882 and 1895), Dixon (1902) and Bec- 
querel (1907), who, with the exception of the last-named, 
had even treated seeds with saturated solutions of mercuric 
chloride in methylated spirit. The dried coats of Xan- 
tliium seeds were also proved to be impermeable to oxygen. 

When placed in water, air -dried seeds of Xantliium 
quickly absorbed over 50 per cent, of their original weight, 
tlie process being rapid at first, and almost comj)lete in 
fifteen hours. In strong salt solutions the forces of capil- 
larity and imbibition, as well as the attraction of colloids 
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and cell, solutes, cause water to enter at almost as great 
an initial rate as wlien pure water is the surrounding 
iiiedium. When, lio\¥ever, the osmotic pressure of . the: 
extei’nal solution balances the yarious internal forces, the 
entrance of water ceases. Any further dilution or con- 
centration of the liquid on the outside quickly leads to 


H2O 



Fig. 15.— Curves showing Ekteance -and Withdrawal, of Water . 
IN Xanthium Seeds on shifting from Water to Salt 
Solutions, or vice versa, at Three-Day Intervals. 

The semi-permeability of the membrane is well illustrated by the L'e- 
haviour recorded in these curves; Curves 2, 3, and 4 are displaced 
to the right to avoid confusion. 

a readjustment, water passing in or out till equilibrium 
is again established. The accompanying figure with legend 
taken from Shull’s paper makes this clear, and illustrates 
w^eli the efiiciency of the coat as a semi-permeabie mem- 
brane. Sodium chloride solutions containing from 1 to 
4 gramme-molecules per litre were employed. 

It w^'as, in addition, proved by chemical tests that. 
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no passage of sodium chloride through the membrane occurs, 
though other substances are able to penetrate. 

Ihe capability or incapability of a substance to enter 
the seeds was judged by the amount of water taken ujd by 
them from various solutions, which were usually gramme- 
molecular. 

The results are well summarized in the table opposite, 
quoted from Shull’s work. 

The table shows that as a class the nitrates penetrate 
the coats. This is especially so in the case of silver nitrate. 
Ferrous sulphate enters slowdy, but copper sulphate 
penetrates only to a very slight extent. Mercuric chloride, 
iodine in potassium iodide, the monohydroxy alcohols, 
ether, tne alkalies and acids, enter with rapidity fi'om 
aqueous solution. The penetration of hydrochloric and 
tartaric acids is only slight, whilst that of sulphuric also 
is very slow. To glycerol and the sugars the membrane is 
impermeable. 

Since neither boiling nor treatment with iodine or 
mercuric chloride alters the semi-permeability of the 
membrane towards sodium cliloride, it is evident that 
this property depends, not on living cells, but upon the 
chemical and physical properties of the cell walls. 

Shull has recorded that a number of other seed coats 
a,Iso behave as semi-permeable membranes, and gives the 
Iht which follows: Alismacese {Alisma playUago-aquaiica), 
teramineae (barley, wheat, oats, etc., probably most grasses), 
Ohenopodiaceai (sugar beet), Eosace^ (peach, apple), Legu- 
minosffi {Vicia^ faba, scarlet runner, Lima bean), Com- 
positas (Xatithium glabratum, Helianthus annuus). These 
however, vary considerably in their degree of semi-perme- 
ability, and some of the number permit of the passage of 
BMts to a noticeable extent. ” 
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TABLE XXXm, 


To SHOW PiJBCJS^’TAUJSS 

Weight, taken 


OF WaTEK, calculated on I'EfE Afi 
UP BY THE Seeds of Xanihlinn, (jliAnttuui. 


Percentage 

absorbed. 


Osmotic Pres- 
sure^ in 
Atmospheres. 


Water . . 

X. sodium chlo- 
ride 

4 X. sodium chlo- 
ride 

Saturated sodium 
chloride 

X. silver nitrate 
X". potassium ni- 
trate 

X, copper sul- 
phate 

X. ferrous sul- 
phate 

o per cent, mer- 
curic chloride 
Methyl alcohol 

Ethyl alcohol 
??.-propyl alcohol 
C4]yceroi 
Ether saturated 
X. sucrose 
X. fructose 
X. glucose 
X, lactose 
X". hydrochloric 
acid 

X. sulphuric acid 
X. tartaric acid 
X. acetic acid , . 


10 per cent, by 
volume 
Ditto 
Ditto 
Ditto 

End of live hours 


Calculated from the Landolt-Bdrnstein tables. 
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Imbibitional Foeces.ih Bey Seeds. 

To measure the capillary and imbibitional forces of air>- 
diy seeds, Shull employed saturated solutions of litJiium 
cliioririe. which gives the highest osmotic pressure of any 
known neutral salt. Such seeds contain 8 to 9 per cent, 
of moisture, and when placed in this saturated solution 
undergo no permajient change in weight. 

An experiment the converse of the above was then 



Pig. 1 ( 5 . — Curve showing Loss of Water from Seeds soaked in 
Water before transferring to Saturated LiCl Solution; 
iMBiBrnoN Force of Air-Dry Seeds and Osmotic Pressure 
OF Saturated LiCl Solution approxemately Equal. 

carried out, for the seeds were first placed in water till 
they had taken up about 44 per cent, of their diy -weight. 
Being subsequently placed in the chloride solution, which 
contained the solid in excess to maintain saturation, they 
rapidly lost weight, so that after 100 hours they re- 
tained only their original amount of water, as shown by 
their weight having been recovered. A glance at the 
accompanying figure permits of tiie;;^changes being readily 
comprehended. 







&)% . 50% 40% 30% Z^o 7o% 0 % 

^^0 M 2M ‘ 4M Sat. Sat. 

NaCl NaCl NaCl NaCl Ltd 

Fia, 17 .— Ciravp: showikg Ixceeasjb of Imbibition Foece in Seeds 
WITH Decbease of Watee-Content. 

Percentage of HgO is based on absolute dry weight; air-dry seeds are 
considered to have 8 per cent, of hygroscopic moisture in this 
diagram. 


of lithium chloride and Xanthium seeds containing about 
8 per cent, of water^ the internal forces must be balanced 
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' by tile osmotic pressure of the external medium. ThiSj 
according to the measurements of Eaciborski (1905) by 
the vapour pressure method,, amounts to 965“ 3 atnios- 
phenis, at 20*^^ that of a saturated soliitioii of sodium chloride 
at ]S^ being 375 atmospheres. From the latter solution 
these air-dry seeds ^verG observed to absorb 7 per cent, of 
their own weight, when equilibrium was reached. Thus 
the intake of 7 per cent, of water, in addition to the 8 per 
cent, already present, suffices to lower the forces of capil- 
larity, imbibition and osmotic attraction on the inside by 
590 atmospheres, the difference between ' 965 and 375 
This rapid alteration was studied further, the results being 
shown in Fig. 17. 

StJIOrABY OF Besijlts. 

These researches by Brown, Schroder, and Shull, show 
conclusively that physiologists can no longer assume that 
cell wails are permeable to ail substances alike. Since the 
behaviour of Xanthium and Hordeum to the same salt is 
quite different in a number of eases, it appears that Arm- 
strong’s application of his hydrone theory to explain the 
selective permeabilitj^ of Hordeum is not supported by 
ShulFs experiments. For instance, Hordeum and Xan- 
thium alike hold back sodium chloride, but silver nitrate 
is only kept out by the former. 

Localization of the Semi-Pebmeable Layeb in 
Seed Coats. 

In Xanthium the semi-permeability has been traced to 
the inner and middle layers of the testa. The outermost 
is incapable of this function. The middle layer is several 
cells thick, whereas the inner is only one cell thick, 
except in the chalazal region. This last layer is believed 
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CHAPTER IX 

THE xMAGNITUDES OF OSMOTIC PRESSURES AND 
ELECTRICAU CONDUCTIVITIES IN PLANTS, AND THE 
FACTORS WHICH INE’LUENCE THEM 

Owing to the many inaccuracies to which the method of 
piasmoiysis has been open, reference will be made in this 
chapter only to determinations by the cryoscopic method, 
except in a few cases where such data are unobtainable, 
Renner (1912) has pointed out that the discrepancies 
between the results of cryoscopic and of plasmolytic in- 
vestigations may be in part due to the fact that, whereas 
cryoscopic determinations used for calculating osmotic 
pressures are made with solutions containing weight - 
normal quantities of solute — viz., a certain weight in 1,000 
grammes of water — it has always been customary to 
employ volume-normal solutions in plasmolytic investiga- 
tions. Morse advocates the use of the former mode of 
making up solutions, as with it a better agreement is ob- 
tained between the direct measurements of osmotic pressure 
and those calculated by the simple Van’t Hoff equation. 
Thus in this respect cryoscopic determinations are really 
of greater accuracy than are plasmolytic, Remier counsels 
the adoption of weight - normal solutions for the latter 
method also, as it leads to a better agreement. It is to be 
remembered that eryosoopicaily determined osmotic pres- 
sures relate to O'", whereas those measured by the plasmo- 
lytic method are at air 'temperatures— 10'' to 20''. This, 
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however, is merely a matter of the form ia whicli the results 

are exi^ressed. 

Mention has already been made of the fact that, owiii"- 
to the method by which the sap was ex])ressed. all but the 
most recent cryoscopic determinations are minor limits, 
tor m these only were the cells rendered permeable. 

Electrical conductivity determinations show the varia- 
tions m the organic and inorganic salts and aeid.s of the 

nt- and Atkins 

(IJlo, 1) that by liiiding the freezing-point of .solutions of 
some standard substance, such as pota,ssium chloride, 
which have conductivitie,s equal to those of the plant 
juices under examination, and by subtracting these values 
respectively from the freezing-points of the saps a.s actually 
observed, it is possible to get a very approximate mea,sure- 
ment of the jiroportion of the osmotic pressure due to non- 
ekctrolytes. The values thus obtained for the conduc- 
tivities are probably somewhat tdo low, ovdiig to the 
increased viscosity of the sap occasioned by the sugars in 


Leaves and Other Aerial Orgahs 

I ^n,Chap)ter X. of “Transpiration and the - — 

Sap, Dixon analyzes the most recent cryoscopic of osmotic 
mined data for the osmotic pressures of leaves, o'ards are 
attention to the following points; Opuntia 

1. The concordance of the results obtainable by id ascer- 

mg leaves from different branches of the same tree Tom the 
under similar conditions. This agreement is eve.biit rose 
with leaves not rendered permeable, but pressed Some- 
same degree, as far as was feasible, uently 

2. The chance of slightly low values being affordea red 
leaves plucked from a tree in the sap of which considerabJe 
tension had existed. Eor if the cells are not fuJlv dis- ■ 
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tended, the slackening of 'the tension consequent iipoh, 
rupture results in their engorgement with water. from; the 
adjoining trachesG. 

3. The rise in osmotic pressure which occurs' as. leaYes ', 
increase in age. 

4. The marked influence of exposure to siinlight, espe- 
cially in deciduous leaves. For the sugars formed during 
insctla lion increase the pressure greatly. 

5. The possibility of the osmotic p)ressiire of a leaf being 
more than doubled by the combined effects of exposure to 
light and evaporation to the stage of incipient wilting. 

6. The inaintenance of a slightly higher pressure, in 
evergreens such as Eedera helix which grow in a southerly 
sunny aspect, as compared with the same species when 
facing north and shaded from direct sunlight. 

7. The want of correlation between osmotic pressure 
and height above ground-level in the leaves of tall trees, 
any such apparent connection being due rather to the 
increase in sugar formation occurring in well-illuminated 

grammes compiled a table showing the maximum 

employ vo ^ plants examined by him and the 

tions onwllted leaves of 8yrmga vulgaris a pressure 

making was found as a maximum. In this 

tained liquid air was not used in the extraction, so 

and thos‘^^ pressure may have been higher. 

Thus in some of the most interesting of the values 

of greate'^ hy Cavara (1905), JSTicolosi-Roncati (1907), Trin- 
the Marie and Gatin (1912), and Ohlweiler (1912). 

method under- estimates, as previously explained, 

remep^ fhe fact that no attempt was made to render the 
-otoplasm permeable. In view of this fact, the numerous 
determinations carried out to compare the osmotic pres- 
sures met with in the leaves of various natural orders of 




OSMOTIC PBESSUKES AND ELECTEICAL CONDUCTIVmES 151 

plants have but little claim to consideration except as 
minor limits. However, as they stand, (favaia’s vaJnes 
for the osmotic pressures of leaves vary on an average 
from about 6 to 14 atmospheres. Extreme values ranso 
as high as 30 atmospheres. This e,stimato does not iueiude 
the salt lagoon plants, which will be considered later. The 
foUowing table is quoted from Cavara; 


TABLE XXXIV. 

OSMOWO PBES,SCrKES OB’ LEAVES AND OtHEE A.SSI.\ULATnS-(J 'J'lSSCES, 


Agave americana . . 

« , » (Dixon and Atkins) 

Hcemanthus coccineus 
Ficus ruhighwsa . . . , 

Toiirmfortia fnUicam 
Mesembryanihemum achiaciforme 
Flantago maritima . , 

Myoporwm dehile . . 

Statice limonium . . 

Bujileurum fruticosiim 
Oendanissa adatoda 
Statice glohularioides 


Cavara’s comparative studies of the variation of osmotic 
pressure in the zones from the apex downwards are 
also of interest. He examined in this manner Opuniia 
amyclcea, 0. ficus-indica and Agave, americana, and ascer- 
tained that in each case the pressure fell slightlj’ from the 
region of the apex downwards for some distance, but rose 
to about its former value in the basal portions. Some- 
what similar experiments were carried out subsequently 
by Nicolosi-Roncati (1907), who in addition measured 
electrical conductivities;, accordingly, his values only are 
quoted. ■ „ ; ' 
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From among them the following were selected. They 
show how the electrical conductivity of the intemodes of 
the stem of Begofiia semperflorem increases from below 
r,|')vvards. In the freezing-points obtained there is no 
such regularity. For ail these the whole of the stem tissues 
were pressed. 

TABLE XXXV. 

Bcgo n la sempcrflore ns. 


E&gion of Stew,. 

Cjsxm 

'■'■A. 

Three apical internodes . . 

159 

0*57" 

Fourth internode . . . . 

131 

0*43'^ 

Fifth ■ . . j 

129 

0*4-8" 

Sixth „ . . . . . . , . • * 

1 no 

0*50" 

Seventh „ ! 

95 

0*46" 

Eighth „ 

93 

0*50" 

Ninth „ .. ..A , 

91 

0*49" 


The conductivity' determinations were carried out at 
and are written thus: (l^gX 10^ a?. 

The freezing-points of the leaves of ninety trees and 
shrubs w-ere determined by Ohlweiler (1912) by means of 
the thermo-electric method. In nineteen other cases no 
sap could be pressed from the leaves. Dixon and iktkins 
(lOld) also found this difficulty in certain cases. Treat- 
ment with lic|uid air Avas found bj^ them to make it possible 
to obtain sap in many cases in which it was previously 
impossible. 

Ohhveiler’s numerous measurements show that pressures 
of from 10 to 24 atmospheres exist in leaves of a large 
number of species. Treatment of the leaves with liquid 
air would certainly have in many cases largely raised 
the results. The material for these experiments was col- 
lected in the Missouri Botanic Gardens in full sunlight, 
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between 2 p.m. and 4 pan. during dry weather in the third 
week of May. The research was carried out with the object 
of ascertaining whether there was ar!3^ correlation between 
the fieezing-point of the sap and the resistance of the 
plants to a severe frost which occurred at the end of the 
previous April. In view of the many factors which in- 
fliience osmotic pressiire in leaves, sufficing as they do to 
cause alterations of nearly 100 per cent, within a few 
hours in extreme instances, it is not surprising that no 
verj^ close parallel could be found between the two sets 
of records. 

The small number of observations recorded by Marie 
and Gatin (1912) also fail compietety to make good the 
validity of any such general relation between osmotic 
pressure and resistance to cold. The not very marked 
differences recorded b}?’ them between plants from the 
mountains and the same species from the plains may be 
readily accounted for as due to inequalities of illumination, 
temperature, or age. In addition Dixon and Atkins (1910) 
have shown that whilst storage of the pressed and filtered 
sap alters its freezing-point but little within twenty-four 
hours, yet the keeping of leaves in a closed vessel in the 
dai'k usually leads to an increase in osmotic pressure, 
probably owing to the jnobilization of starch resulting in 
the production of maltose. To such storage the plants 
used by Marie and Gatin were subjected during trans- 
mission from the mountains to Paris. 

The physiology of resistance to cold has, however, been 
worked out by Maximow in a series of papers, which he 
has recently (1914) summarized. 
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Pbessitbes due to Electrolytes and to Non- 
■ Electrolytes. , 

[li the following table, compiled from the work of iJixon 
Atkins, the freezing-point A is shown for the sap of 
various leaves, pressed after treatment with liquid air. 
In addition P, the osmotic pressure in atmospheres cal- 
culated from A, and C, the electrical conductivity in 
mhos at if, are shown. Furthermore, in order to record the 
osmotic pressure due to electrolytes, the column under 
Ap shows, as already explained, the depressions of freezing- 
points of solutions of potassium chloride having the con- 
ductivities shown in the column C. The column A — Ae 
contains the values of depression of freezing-point occa- 
sioned by non-electrolytes. 

Almost all these determinations were carried out in the 
late autumn or winter; according^ but few of the pressures 
found exceed 20 atmospheres, though in previous work, 
in which the freezing-point only ^vas measured in each case, 
values up to 30 atmospheres were found. Those plants 
marked with an asterisk were growing in greenhouses. 
In some of the latter very low^ pressures were met with, 
and in producing them electrolytes were prej)onderant as 
a general rule, whereas in the case of plants under average 
conditions of assimilation in the open air in Ireland the 
reverse is the case, most of the pressure being due to non- 
electrolytes. The increase in the quantity of electrolytes 
in old leaves as compared with young leaves under similar 
conditions is well shown by the values of A^ for Ilex aqui- 
folium and Populus alba. 

It is remarkable that the only Pteridophytes examined, 
Equisetiim, Polypodium, and Selagineila, have unusually 
high conductivities, and that the major portion of the 
osmotic pressure of their cells is due to electrolytes. 



TABLE XXXVI. 

Osmotic Feessukes afd Electeioal Conductivities of Leivek. 


Name of Leaf. 


Agave americana,* Jan. 11 . . 

Moe pi icalile A' 11 
Antkiirkvm andreanumA' J^tu. 27 
„ crystaliiiiumf^ 3doi. 27 
Apiwm graveolerhs (etioiated 
bases), Dec. 5 

Gerastis laurocerasm^ 'Nov. 28 
Chamcerops humilis, mature, 
Nov. 28 

Chamcerops humiiis, just ex- 
panded, Nov. 29 . . . . 

Cordyline axistralis, Nov. 28 . . 
Equisetum tdwMeia, main 
stem, Aug. 14 

Equisetum telrmieia, lateral 
branches, Aug. 14 . . 
Eucalyptus globulus, Nov. 29 . . 
Fraxinus excelsior. Sept. 30 . . 

,, oxyphylla, Oct. 3 .% 
Hedera helix, Nov. 29. . 
Hdianthus multiflorus, Oct. 2 
Ilex aqiiifolium, new ultimate, 
Dec. 4 

Ilex aquifoUum, antepenulti- 
mate, Dec. 4 

Alagnolia acuminata, Sept. 30 
AIo72etera deliciosa,* Dec. 10 . . 
Alusa sapientum,* Dec, 10 . . 

Passiflora quadrangular is, ^ 
Dec. 10 

Pinus laricio, leaves one year 

old, Nov. 30 

Platycerium alcicorne,* Jan. 27 
Polypodiiwi ir hides, Jan. 27 
Poqmlus alba, spring leaves, 

Aug. 28 

Pop ulus alba, summer leaves, 
Aug. 28 

Saccharum officinarum,'^ Dec, 10 
Bdagindla mertensiif^ leaves 
and aerial stems, Jan. 27 . . 
Syringa vulgaris, Aug, 22 
„ „ Aug. 13 

Uhnus campestris, Oct. 2 
7itis 7 eitehii, Oct. 2 . . 
Wistaria sinensis. Sept. 30 . . , 


A.' . i 

,■ Ae. 

A-Ao.l 

„ : 

P. 1 

' ! 

Ox :i.o-‘ 

0*840 ‘ 

0*180 

0*660 

10 * 11 . ’ 

.364.. 

0*292 

0*185 ' 

0*107 

3*52 

370 

0*623 

0*480 

0*143 

7*49 

964 

0*727 

0*670 I 

0*057 

8*73 

1,349 

1*302 

■0*570 ' 

'0*732 

15*66 

1,141 

1*522 

0*160 ! 

1*362 

18*31 

321 

1*424 

0*490 

0*934 

17*13 

984 

1*598 

0490 

M08 

19*22 

977 

1*11(5 

0*470 

0*646 

1343 

939 

0*801 

0*600 

0*201 

:*64 

1 257 

0*771 

0*550 

0*221 

9*28 

L162 

0*970 

0*405 

0*565 

11*68 

814 

1*645 

— 

— 

19*52 


1*252 


■ , ■ — . 

15*06 


1*437 

0*265 

1*182 

17*29 

,512 

0*764 

— 

— 

9*18 

— 

1*218 

0*212 

1*006 

1 i4*6f5 

427 

1*259 1 

0*365 

0*894 

1 15*14 

730 

1*503 

— 

— . ' 

1 18*07 


0*552 

0*287 

0*265 

6*64 

574 

0*785 

0*150 

0*635 

1 9*44 

303 

1*162 

0*350 

0*812 

13*98 

706 

1*289 

0*424 

0*865 

I 15*50 

848 

0*625 

0*445 , 

0-180 

! 7*51 

895 

0*886 

0*515 

; 0*371 

10*65 

1,034 

1*326 

0*450 

0*876 

15*95 

908 

1*487 

i 0*325 

1*162 

17*88 

654 

0*484 

0*384 

0*100 

6*83 

772 

1 

0*845 

0*554 

0*291 

j 10*16 

1,116 

2*119 

! 0*220 

1*899 

1 25*50 

446 

2*004 

1 0*230 

1*774 

24*10 

461 

1*237 



; 14*88 

1 — 

0*764 


— - 

9*18 

— 

0*709 


— 

8*52 

1 
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111 the bast, wood parenchyma, and mediiliaiy rays of 
\¥Oody stems, fairly high pressures may be met with; for on 
pressing out the sap or on centrifuging the stem after treat- 
ment with liquid air, the values found are of consider- 
able magnitude, even though diluted with the contents of 
the tracheae of the wood. The latter does not a])proxi- 
matc to ])ure water, as is cominonlj^ stated, but ov/ing to 
the fact that it contains considerable quantities of sugars, 
possesses an osmotic pressure of from 0*5 to 3*0 atmospheres 
in the cases examined up to the present Dixon and 
Atkins (1915, 1). This will be explained in detail in 
Chapter XI. 

Fbuits. 

The methods of cryoscopy and electrical conductivity 
measurements together afford a ready means of studjdng the 
series of changes which occurs during the ripening of fruits. 
Isolated determinations carried out b3’’ the author (1910) 
sufficiently illustrate the remarkabty high pressures that are ' 
attained in sugaiy fruits. Some of these are recorded below. 

That even these are under- estimates is proved hj refer- 
ence to Table XXX., p. 118, where it is shown that treat- 
ment with liquid air, to obtain the sap results in a much 
greater depression of freezing-j)oint being found, even in 
such a soft tissue as the pulp of rqDe grapes. Under M are 
given the values calculated for the mean molecular weights 

of the sap solutes, by employing the formula M - in 

which 5 denotes the weight of the solutes in a weight I of 
solution, and Ic is a constant. The figures indicate that 
|)art of the osmotic pressure must be due to the salts of 
organic acids, and to the acids themselves, for the presence 
of large quantities of glucose or fructose (mol. wt, 180) or 
of sucrose (mol. wt. 342) would considerably raise the 
average molecular weight. 
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TABLE XXXVII. 

EbTJIT I<rOT TBBATED WITH' LlQtJID AlR. " 


Pyrus mains 


Vitis vinifera 
Primus mmmunis . . 

JS »J • * • " 

Citrus limowimi, February . . 

„ J, August . . 

CUriis mimniium-i August . . 

?» 99 99 ' - 

„ „ Febriiaiy 

Lyco'persiciim esculenMim . . 


P. if. 


18*90 : -- 

19*88 I 168 
17*72 i 165 
2o*04 127 

27*73 128 

29*53 — 

28*27 — 

28*86 — 

12*37 159 

14*06 I 145 
10*46 i — 
19*22 — 

18*34 — 

12*40 164 


> The following results obtained by- Dixon and Atkins 
{1913, 2) from material treated with liquid air make it 
clear that even in acid fruits by far the larger proportion 
of the osmotic pressure is still due to non-electroly tes : 

TABLE XXXVllL 

Osmotic Pbbssxjre of Fruit treated with Liquid air. 


Fruit 

A Ae. jA-“Ae, P. 

' ' :i , 

■ dxios. 


Citrus anranthmii ISTov. 22 

1 1-206“ ! 0-104° ' 1-I02' 14-31 

208 


„ Ivnionunu Nov, 25 

1-089° i 0-170“ . 0-919“ 13-10 

1 345 


Lycopersicu m cscule n . t u 
Nov. 26 , . 

1.0-731“ 0-228“ 1 0-503“ ! 8-79 

457 

iHiH 

Pyrus maluSf Nov, 22. . 

1 1-919° 0-080“ 1 1-839“ i 23-18 

: 161 


VaGc/inium oxycoccus^ Nov. 27 

! 1-556“ 0-087“ 1 1-469“ ' 18-72 

! 


ViU$ vmiferaf Nov, 25 

i 3-185“ 0-056° 3-129° 38-32 

112 

i 

Ifllllllll 
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la all cases lii whicli the total depression of freezing- 
point is apportioned between electrolytes and non-electro- 
lytes, it must be borne in mind that molecular proportions 
are being considered, and not percentages by weight. 
Furthermore, since electrolytes dissociate into at least two 
ions, one molecular jn'oportion (when in a dilute solution) 
will produce tmce as great a depression of freezing-point 
as will a molecular proportion of a iion-eiectrolyte. Again, 
as the non-electrolytes consist in the main of mono- or di- 
saccharides, having molecular weights of 180 and 342 
respectively, whereas those of the electrolytes rarely exceed 
the lower value, and as a rule are very much smaller, it is 
clear that the percentage of electrolytes present by weight 
in. vegetable saps is in the majority of cases small compared 
with that of non-electrolytes. 


■/ 



Changes during the Ripening of Fruits. 

For the fruit of Solanum laciniatum Nicolosi-Roncati 
(1907), records a decrease in electrical conductivity, accom-' 
panied by a rise in osmotic pressure, according as maturity 
is approached. In such respects, however, it is probable 
that there is a great difference between fruits of various 
species. 

TABLE XXXIX. 


Solanum laciniatum. 


Descri'^tion of Fruit, 




Not well developed, pericarp green 
Somewhat larger, pericarp yellow 
Mature., .. .. 


By far the most exhaustive cryosoopic researches upon 
the ripeuiag of fruits are those of Cavara. This author 


-M I 
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7 10 20 31 10 20 30 10 20 31 10 , 20 31 10 

May June July Aug‘, Sept. 

Fig. 18.— To show Cavara’s Results on the Changes of Osmotic 
Pressure in Fruits during Ripening, 

Depressions of freezing-point are plotted as ordinates, and the abseissjB 
represent the days of the months named. 
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foiHid that in the ripening of Citrus medim the osmotic 
pressure was reduced to almost exactly half of its original 
value, Since during the process the fruit increased in size 
from 14 to 27 millimetres in diameter during about six 
weeks, it is evident that this fall in pressure is due to diiu- 
tion of the solutes; for the hydrolytic changes in progress 
would normally result in an increase of pressure, as may 
be seen from the examples which follow. 

Cavara also traced the maturation of fruits of Pyrus 
commu7vis 1*031 — ^2*460), Vitis vinifera (A 0*710—2*516), 
Opuntia piccolominea (A 0*460 — 2*080), and O. ficus-indica 
(A 0-521 — 2*360). These results are shown in the graphs 
(Fig. 18). In each case a very large and sudden rise occurs 
as the fruit reaches the final stages of ripening. 

SUBTEEBANEAN OeGANS. 

It has been found that the osmotic pressure of roots, 
rhizomes, tubers, and bulbs, is invariably lower than that 
of the leaves of the same plant gathered at the same time. 
To this Dixon and Atkins (1912, 2) found only one ex- 
ception out of very numerous determinations, and it is by 
no means sure that this measurement was reliable; for the 
roots and leaves were not treated with liquid air, conse- 
quently the sap pressed from them was in each case too 
dilute. The table on p. 161 shows the magnitude of the 
pressures and electrical conductivities found. All deter- 
minations were made with material which had previously been 
treated with liquid aii*, unless where the contrary is stated. 

Inspection of Table XL. shows that even in under- 
ground organs very considerable osmotic pressures may be 
encountered. More especially is this true of storage 
organs, such as the roots of Beta and Brassica, the tuber 
of Plelianthus, and the bulb of Allium, in ail of which soluble 
carbohydrates accumulate. In these plants it may be 
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,seen that the pressures exerted by the , electrolytes are 
small compared with those due to the carbohydrates and 
other non-electrolytes. In most varieties of roots and 
rhizomes, however, the two classes of bodies share in pro- 
ducing the pressures fairly evenly, though in some the 
influence of the electrolytes is most marked — in Equisetum, 
for example. The leaves of Allium, Beta, Brassica, and 
Helianthus, ivere not examined, but by analogy it is likely 
that they have even higher pressures than the underground 
organs. 

TABLE XL. 

Osmotic Pressure op Subterranean Organs. 


Description of Sample. 

A. 

Ao. 

A — Ac. 

P, 

GYs lO'l 

Allium cepa^ bulb, Nov. 27 . . 

0*935° 

0*105° 

0*830° 

11*20 

214 

Beta vulgaris, root, Nov. 26 . . 

1*206° 

0*191° 

1-015° 

14*51 

383 

Deo. 12 . . 

1*761° 

0*277° 

1-484° 

2MS 

555 , 

Brassica rapa, white root, 
Nov. 27 

M27° 

0*175° 

0-952° 

13*55 

356 

Equisetum tdmatma, rhizome, 
Nov. 16 

0*597° 

0*410° 

o 

o 

7*19 

822 

Eucalyptus globulus, roots 1 to 

4 mm. diameter, Dec. 5 

1 

0*591° 

' 0*360° 

0*231° 

8*11 

723 - 

Ilex aquifolium, roots less than 

3 mm. diameter, Nov. 8 . . 

0*682° 

0*315° 

0*367°' 

8*21 

629 

Ilex aquifolium, roots less than 

1 mm. diameter, Nov. 19 . . 

0*635° 

0*300° 

0*335° 

7*64 

596 

Ilex aquifolium, roots 1 to 

4 imn. diameter, Nov. 19 . . 

0*858° 

0*305° 

;0*553° 

10*32 

613 

Ilex aquifolium, roots 1 to 

4 mm. diameter, Dec, 4 

0*862° 

0*300° 

0*562° 

. 1 

10*38 1 

603 


Pteria aqitilina, rhizome, Dee, 5 
Solanum titherosiim, tuber, 
Nov. 22 

EelioMhiiB tiiberoaus^ March,] 
untreated 1 


0-o2Cf 

0 * 298 ° 


1M8 807 

7-08 ! >583 
13-87 i — 


' > 


Roots functioning mainly as water-absorbing organs do 
not usually contain sufficient solutes to cause high pres- 


llllililli 
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siires. In this connection, the experiments on Ilex (Dixon 
and Atkins, 1915, 2) are of interest. They show that the 
jn’essurc increases with the size of the root, whereas the 


NOV DCC, JAN. FES, MAR. APR’L MAY JUNE JULY AUG- SEPT. OCT. 


Ilex aquifolium —Roots. 

Fig. 19. 

The upper curves, A. B, and C, show the dejiress-ions of freezing-point and 
osmotic pressures in atmospheres of thick (over 2 millimetres in dia- 
meter), thick and thin, and thin roots respectively. The lowest 
curve shows the pressures due to electrolyses. In this case the 
size of the root is immaterial, as the individual determinations of 
the three kinds lie on the same curve. 

electrical conductivity only fluctuates slightly, as may be 
seen from Fig. 19. The meaning of this appears to he 
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that the iiiore massiue roots function largely a^s storage 


organs, for in them the pressure of the non-electrolytes 
attains considerable dimensions, as can be seen in the table. 

It may here he remarked that though the leaues of Ilex, 
gathered at the same time as the samples of the roots, 
always possessed higher pressures, yet the conductivity of 
tlxe young leaves was considerabfy below that of the roots. 
The oldest leaves, on the other hand, contained a far greater 
quantity of electrol^^tes than did the roots. 

This progressive change in the character of the sap on 
passing from the roots to the leaves may be illustrated by 
the following figures obtained with Iris germanica, the 
entire plants having been dug up and examined: 


TABLE XLI, 


Irk germanicaf Novumbee 15. 


■Gx W. 


Leaves, green tops 
„ bases . . 
Rhizome 
Roots . . 


l-0S5° I 0-360° I 0-725° | 


1-084° 0-384° 0-700° : 


Here the osmotic pressure decreases from above down- 
wards, but the electrical conductivity increases, with the 
exception of that of the rhizome. The tops of the leaves 
are appreciabty richer in sugars than the bases, though 
their osmotic pressure is the same. As is well known, Iris 
stores no starch in the green portions of the leaves, except ' 
a negligible quantity in the gua.rd cells of the stomata. 

In the white portions of the bases of the leaves starch is, 
on the contrary, plentiful, as also in the rhizome and roots. 

It appears that the gradient of sugar concentration from 




w 


4 
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. ’ tb.e assimilating to the storing tissues is maintained' by^ the; 
conversion of sugar into starch in the latter. 

It must foe pointed out that there is some uncertainty 
as to the accuracy of conductivity measurements upon sap 
pressed from small roots, owing to the adhesion to them of 
"particles of clay. Washing is not permissible in such cases, 
as there is the possibility of dilution of the sap taking place 
if the ceils are not at their maximum degree of turgidity, 
as well as of the adherence of water. 

Seasonal Vaeiations in the Osmotic PbessupvE and 
Electeical Conductivity of Plant Okgans. 

Several attempts have been made to correlate the varia- 
tions in pressure with external conditions, such as amount 
of sunlight, temperature, or rainfall. 

Trinchieri (1909) has given both tables and graphs illus- 
trating the behaviour of Salpichroa rJiomboidea throughout 
the year. The rhizomes, cortex and entire organ, upper 
and lower portions of the stems, and the leaves, were all 
examined. The rainfall, too, was shown in a graph. He 
took plants both from a shady position in a Coniferetum 
and from ground formerly used as a vineyard. As a general 
rule slightly higher values were obtained from the plants 
growing in the sunny position in the Naples Botanic 
Gardens. The fluctuations are very considerable in all 
the organs. Since such a number of factors are concerned, 
it is not easy to single out the influence of any one as of 
especial importance. 

Dixon and Atkins (1912, 1, 2 and 3) also studied the annual 
variations in the leaves and roots of Ilex aquifolium, and 
of the leaves of Hedera helix and Syringa vulgaris. 

No correlation could be discovered between the fluctua- 
tions in pressure and the rainfall. This is not surprising, 
as the calls are normally fully distended. The results of 
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Syringa vulgaris.— L eaves 
Fig. 20, 

The unbroken curves show the depressions of freezing-point and osmotic 
i:)ressiires produced by the total solutes (A), carbohydrates (A — A^..), 
and electrolytes (A^.) of leaves of a deciduous tree treated with 
liquid air. These were gathered in 1913. The dotted, line shows 
the values of A 'for untreated leaves gathered in 1911, 
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Triiicliieri, as regards the slightly higher pressure main- 
tained by plants living in sunny aspects, were confirmed 
by the experiments on Hedera. About thirty pairs of 


0^ I ^ 1 ^ ! i i I I ! ! ^ L ■ i i } 

Pig. 21 . — Hedera Mix: Leaves. 

The upper pair of curves are obtained plotting the data furnished by 
cr3^oscopy of the sap pressed from leaves piched during the 3'ears 
1912, 1013, and 1914. The ceils were rendered permeable by treat- 
ment with liquid air. The lower pair of curves are constructed 
from data furnished by the sap of untreated leaves picked during 
the years 1910 and 1911. In each case the broken line connects 
the observations made on leaves from the south aspect, and the 
full line those made on leaves from the north aspect. 

determinations made at intervals over nearly two years 
yielded, as mean values for osmotic pressures, 9*61 atmos- 
pheres and 9*00 atmospheres for jfiants from a southern 
and northern aspect respectively. 
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pec JAK. FEB, mar. APRIL 


JUNE JULY mo. .SEPT, OCT. 


0*800 


0-600 


O-SOO 


0 - 40 d ' 


0 - 300 ° 


0-200 


Ilex aQuifouum. — Masure Leaves, 


The fuii-line curves show the depressions of freezing-point and osmotic 
pressures produced by the total solutes, carbohydrates, and electro- 
lytes of leaves of an evergreen treated with liquid air. The dotted 
line represents the values of A for untreated leaves gathered in 
a previous year. Since the leaves employed were ail of the same 
age, there is no rise in their electrolyte content as the season advances. 



ill ihe. relative proportions in which the leaf sugars are 
present may take place without altering the molecular 
concentration of the cell sap. The osmotic pressure 
de])encls, of course, upon the molecular, and not the 
percentage comj)osition. 

Since all these determinations were made with sap 
pressed directly, a new series of experiments on Syringa, 
Hedera, and Ilex, were instituted by Dixon and Atkins 
(1915, 2). In this the tissues were rendered permeable 
by treatment with liquid air. The results obtained 
showed that the former values w^ere too low. They, 
however, substantiated the occurrence of large fluctuations. 
The foregoing figures illustrate these researches. 

From Figs. 20, 21, and 21a, it may be clearly seen how 
pronounced is the effect of treating the tissues with liquid 
air, for the curves furnished by the sap of the frozen leaves 
are considerably above those obtained by plotting the 
freezing-points of sap from untreated leaves. It must, 
however, be borne in mind that the determinations are 
only comparable in a general way, since they were carried 
out in different years. 

On the whole it may be said that, though the daily fluc- 
tuations are most important, yet the osmotic pressure 
does rise with the age of the leaf. This increase is largely 
due to the accumulation of electrolytes, as shown by con- 
ductivity measurements. Thus, while the leaves of Syringa 
attain their highest pressures when mature and under 
favourable conditions, for photosynthesis — viz., about the 
months of August or September — in evergreens two pressure 
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maxima are shown. Ilex and Hedera put forth their 
leaves more or less continuously, but the majority of leaves 
appear to arise at two periods — ^the beginning of winter 
and the early summer. At these periods new leaves 
open out in quantity at intervals during one or two months ; 
consequently the proportion of young leaves is a niaximuoi 
at such times. For this reason, and on account of the 
heavy drain upon the sugars of the mature leaves occasioned 
by the rapid growth of the younger ones, the osmotic 
pressure is found to be at its low^est during the summer 
and at the onset of winter. 

Fig. 21 also shows that, as previously mentioned, the 
osmotic pressure of leaves of Hedera is slightly greater in 
plants from a southern aspect than in those facing north- 
wards. 


SUMMABY. 




From the foregoing tables an idea may be gained of the 
magnitudes of the osmotic pressures commonly met with 
in plant tissues. The determinatibns of Dixon and Atkins 
were primarily undertaken with the object of ascertaining 
whether the pressures "were sufficient for the requirements 
of the cohesion theory of the ascent of sap. In passing it 
may be remarked that they were found to be ample. 

More generally osmotic pressure measurements serve as 
a ready means of studying the variations of the molecular 
concentration of the sap solutes. By combining them with 
determinations of electrical conductivity it is possible to 
distinguish between the portion of the pressure caused by 
electrolytes and that due to non-electrolytes, which are 
mainly sugars. The former, as a rule, remain remarkably 
constant, but rise slowly with age in tissues from which 
evaporation is continually taking place. The latter, on 
the other hand, are subject to large fluctuations, accord- 
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irig as tlie sugars are increased by photosyiitliesis, by 
.:translocation,'-or by -hydrolysis of insoluble carbohydrates., 
or are reduced by respiration., translocation, or by con- 
structive metabolism. 

The pressures found in the leaves almost invariably 
exceed those of the roots. It must, however, be I'emem- 
bered tiiat the values recorded in the tables are all calcu- 
lated for O'b whereas the actual pressures arc higher owing 
to the plant tissues being normally at 10° to 20°. Thus 
if in a particular instance the sap of the leaves and roots 
had an identical freezing-point, yet if the former were 
w^armer than the latter they would possess a higher 
pressure. 

Among the highest pressures are those of fruits, in 
which when ripe all the available polysaccharides have 
been converted into sugar. 

Pressures of considerable magnitude are also met with 
in subterranean storage organs of various kinds, especially 
in those in which soluble reserves accumulate. 


CHAPTER X 


: OSMOTIC JPRESSUEE' IN BBLATIOM .TO ''PLANT ' 
DISTRIBUTION, MORPHOLOGY, AND CELI. DIVISION 

SECTION I,— DISTRIBUTION, 

Desert Plants. 

In order that a plant may he able to absorb water from its 
surroundings it is necessary for its total forces of capilJarity, 
imbibition, and osmotic attraction, to exceed tho>se of its 
medium. Now, in plants growdng in arid regions very 
high osmotic pressures are met with, as has been shown by 
Fitting’s (1911) plasmolytic determinations, some of which 
are quoted in Table XLII. 


TABLE XLIL 

Ploba of Rooky Desert m Sahara. 


Percentage of Total 

Not plasnwlyzedjby 

A pproximate Minor 

Numher of Plants \ 

X Grm, MoL 

Limit of Osmotic 

exammed (46). 

KNO^ 

Pressure, 

'21.^' -''T', ; ; 


100 atm. 


1*5 



PO 

37 „ 


0*3 to 0-6 

10 to 20 „ 


In the first column it may be noticed that the percen- 
tages reach the total of 119. On recalculating them from 
Fitting’s data, the values 21, 39, 26, and 11, w^ere obtained. 
Thus, allowing for the inclusion of some border-line results 
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V. Ill,, the second rather thaii' in the third ■ group, it seems^ 
probable that the value 52 is a misprint for 32, 

Fitting |>olnts out that the lowest osmotic pressures 
. are fou,nd in- amiualsj.. and the "highest in bushes.' Of the" 
latter class ten were found to have pressures of about 
100 at-mospheres, six of them having sap rich in sodium 
chloride. 

He also criticizes the cryoscopic method, and calls atten- 
tion to the alterations which take jilace in the expressed 
sap, as a source of error, mentioning in particular the 
browning due to oxidation.'^^ But this and other similar 
changes are, in fact, quantitatively insufficient to cause 
any appreciable error, as has been shown by direct experi- 
ment. Cryosconic measurements oninbinerl wiitL 
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The behaviour of plants growing in salt swamps in the 

desert was also examined by Fitting. In a comparison 
between the pressures found in the same plants growing 
on cultivated land, on salt marshes, and on rocky or 
sandy desert, he clearly shows how closely tlie two liitter 
habitats resemble one another as regards a physiological 
scarcity of water. 

It has been supposed that the diminution of loss by 
evaporation is the principal benefit derived by such plants 
from their high pressure. This effect, while undoubtedly 
of some importance, does not, however, seem to be the 
principal one. It appears more probable that such high 
pressures enable the roots to abstract water from the soil 
against the action of its forces of imbibition and capillarity. 
Priiigsheim, too (1906), has drawn attention to this role of 
osmotic |)ressure. 

Function oe Essential Oils. 

Many desert plants are highly odoriferous, and it has 
been pointed out by Dixon (1898) that the accumulation 
in the intercellular sj)aces of the vapour of essential oils 
of high molecular weight forms a very effective check to 
evaporation. His experiments on specific evaporation 
confirm the above suggestion. 

Giglioli (1911) has sought an explanation of the function 
of these oils in the alterations produced by them in the 
permeability of the protoplasm, and Osterhout (1913) has 
shown that the first action of such substances as anaesthetics 
is to lower the permeability of the protoplasm to salts. 
Thus it is quite possible that evaporation may be hindered 
both by a physiological alteration in the jirotopiasmie 
surface and by a purely physical retardation of the water 
molecules by the heavy vapours. 

Accordingly, the power to; prevent excessive loss of 
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water by transpiration, and that of elaborating or per- 
mitting the penetration of substances suitable for main- 
taining high osmotic pressures, should be considered as 
factors governing the distribution of desert 


SaLT-MabSH,. ■ SaHD-BtJNE AFB ^E'STTJABIIiIE' :1*L^KTS. I 
Much precision has been lent to the ecological studies 
of Harshberger (1911) by his use of a hydrometer, with 
thermometer attached, in mapping out the distribution of 
I jj j ' , Ie marshes and estuaries. The instrument is port- 

I ' able and readily used, and in this respect is greatly superior 

, to chloride titrations, freezing-point, or electrical con- 

; ‘ ductivity measurements, as a means of making comparative 

; ; ’ Eieasurements of salinity, 

I , The hydrometer can also foe used in rough estimations 

I i of the salinity of soil water, being very suitable for noting 

i; i ; pi’ogress of attempts to reclaim salt marshes. 

J'""* : Harshberger has proved that the degree of salinity is 

the determining factor in the distribution of salt-marsh 
plants, although the texture of the soil, its aeration, and the 
lines of drainage, are also of importance. 

By means of conductivity determinations, Scofield (1906) 
traced the salt-water limits of wild-rice, a grass of much 
economic importance. The maximum salinity which it 
was capable of resisting in the field was that represented 
by an approximately 0-03 normal solution of sodium 
chloride, the water of the sea in the same region havino- 
a conductivity equal to that of a 0-28 normal solution! 
thus it was shown to be mere waste of time to attempt 
to sow the idld-rice in many tracts of land which were to 
all appearances, quite suitable. 

It was demonstrated by Drabble and Lake (1905, 1907) 

that salt-marsh and sand-dune plants are physiologically 
xerophytes, and possess relatively high osmotic pressures. 
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Their iiwestigatioiis were carried out by the methocl of 
plasmolysis, as was also the more recent work of Taick 
(1913) on the alfvar ’’ vegetation of the island of OelaiicL 
This type of plant association coiivsists of stunted and 
xeroph^dic species, and is similar to that found on the 
steppes. Faick considers that the average norma] value 
for the osmotic pressure of plants is between 11 and 14 
atmospheres, since they are isotonic with 0*3 to 0*35 gramme- 
molecular potassium nitrate. There are, however, but 
few of the alfvar plants which do not exceed this value 
considerably. The highest value found by him was in 
epidermal cells of Flelianthemtim oelancUcimi and amounted 
to over 55 atmospheres, since 1*6 gramme- molecular potas- 
sium nitrate w^as isotonic with them. 

References to many of the recent researches in this line 
may be found in Faick’s paper, but it has been impossible 
to mention more than a few of these here. 

A number of interesting examples of plants accommo- 
dating themselves to an increase in the salinity of their 
surroundings were studied by Cavara (1905). In the salt 
lagoons of Cagliari evaporation proceeds vigorously from 
the spring till early autumn. This leads to a corresponding 
rise in osmotic pressure, as shown by Table XLIII. 

It is^very ]irobable that in these plants the increase in 
pressure is due to the slow penetration of the salts of the 
soil-water. Electrical conductivity measurements would 
have decided this question, but they were not carried out. 

This power of adaptation, it may be added, is shown to , 
a very marked degree by the cells of Bacteria and Cyano- 
pliycese, and in these groups the protoplasm appears to be 
extremely permeable. Raciborski (1905) succeeded in ob 
taining the germination of Torula sp. in a saturated solu- . 
tion of lithium chloride. This possesses the highest osmotic 
pressure of any known solution, namely, 965*3 atmospheres, ; 






other interesting examples of adaptation to high external 
osmotic pressures are furnished by the mangroves and 
many tropical plants of the strand flora. According to 
Von haber (1913), transpiration of water from mangrove 
leaves is very considerable whether in shade or in direct 
sunlight. In view of the fact that many mangrove-trees 
reach a height of 8 metres^ and are exposed to direct 
sunlight^ to a temperature of 40° to 45°, and to a sea-breeze, 
the passage of large quantities of water vapour from the 
leaves is to be expected. Schimper (1890, 1891) and 
Ivarsten (1891) considered that life was j)oss for such 
trees owing to their having certain xerophyiic characters. 
Von Eaber, however, believes that the high osmotic 
pressure of the leaves quite satisfactorily explains the 
possibility of their deriving a sufficient water-supply from 
the sea, or even in some cases from pools concentrated 
by evaporation to such an extent that salt crystals had 
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according to -the. method of, calculation adopted' b}^ Diete- 
. whicli makes use of data .derived from vapour pressure 
mieasurements. ■■■■..■ 

TABLE XLin. 

Osmotic Pressubes of Plants in Salt Laooons. 



, M arch 

i 

, April, 

Aiigast, September, 

♦ 

; A. 

j- . 

1 . ' 

! 

1 

j ■ 

■ P. ■' ■ 

Atri'plex crassifolia , . . . 

i' 

\ ' 

5*52° 

66*3 


.f3-76® 

i 45*1 

7*25° ; 

87*0 

H(dochmmmn strohilaceum 

-4-89° 

j ■' 58*7 ■ 

■',,7*26°' 

87*1 


15*72° 

68-6 

8*50° 

102*0 

Obione pamilacoides 

2*75° 

1 33*0 

7*25° 

87*0 

: ' Salicornia lierhacea 

f2*32° i 

' 27*8 

4*20° 

50*4 


\3*26° I 

39-1 

6*55° 

78*6 
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separated. In the roots the pressures' found arc very con- 
siderably smaller than in the leaves, and may only !.>e half 
..as great. . 

The following table contains some of Von Faber’s 
results, which \vere obtained by the plasmoly tic method : 

TABLE XLIV. 

Osmotic Peessube of the Epidermal Cells of tee Leaves 
OF Teopical Strand Flora. 


Rhizophora ‘mucronata 

Atmospheres. 

.. .. ■ 72 

„ conjugaia . . 

5S 

Avicennia alba 

. . . . (IS 

„ officinalis 

'... ■' .. ' 52 ■ 

Sonneratia alba . . 

VA 

Brugaiera gymnorhiza 

U 

Ceriops CandoUmna 

32 

.Bgiceras majua . , 

2D 

Acanthus Uicifolius 

24 

Lwnnitzera racemosa 

30 


The salt taste of the leaves points to the presence of 
electrolytes as being responsible for a very considerable 
portion of the high pressures. 

These plants have a very great power of adapting them- 
selves to the medium surrounding their roots, and are 
found both on coral islands and in the almost fresh water 
of estuaries. Furthermore, it was found possible to plant 
Bhizo2:)hora mucronata, taken directly from the sea, in fresh 
water without causing any serious damage. 

ALGiB. 

A fundamental distinction between marine and fresh- 
water algse is that they are adapted to growth in solutions 
of different osmotic pressure. That it is not owing to a 
poisonous effect of salt water that fresh- water alga3 cannot 
live in the sea is sufficiently shown by Osterhout^s researches 

12 
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Oil antagonism of ions^ for he finds sea- water to be a. 
perfectly balanced solution in this rcsiioct. 

Quite similarly^ the destructive action of fresh w'ater upon 
seaweeds is very noticeable. Ycndo (1914) has recently 
drawn attention more particularh^ to this aspect on account 
of tlic serious losses to Japanese seaweed industry resulting 
from it. ' 

Some algJB, such as species of Enteromorpha, can with- 
stand sudden alternations of fresh and salt water, liiese 
are usuail 3 .'- found, in the British Isles as well as in Japan, 
growing on those portions of the beach which are bathed 
in a stream of fresh water at low-tide, but by the sea 
during high-tide. Others, normally growing in the open 
sea, can accommodate themselves to a lesser salinity. 
Yendo illustrates this by the behaviour of Fucus vesiculosus, 
which may be found in a brackish lagoon and in the sea, 
but not in the comiecting channel, where fluctuations of 
salinity occur. 

With a view to testing the nature of the equilibrium 
between the osmotic pressure of a seaweed and the sur- 
rounding salt water, the following ex]3eriment wavS carried 
out by Dixoxi and Atkins : A quantity of Ascofliyllum 
nodosum was collected near Kingstowm, Co. Dublin, and 
was immediately brought to the laboratory and pressed. 
It was not treated with liquid air, as at the time the 
authors had not discovered the necessity for this. How- 
ever, as the results show, the error introduced in this case 
cannot have been of any considerable inijiortance. A 
portion was kept in darkness in sea-w^ater for twenty- 
four hours, and was then pressed; while a portion of the 
same sample \¥as placed in sea--v¥ater to which slightly 
more than an equal volume of fresh w^ater had been added, 
for three and a half , hours. Table XLV. shows the values 
of A, P, and M (the mean molecular weight), so obtained. 
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TABLE XLV. 

' OSMOTIG PBESSIJEE AND ITS 'AdJDSTHENT TO EXTERNAL MEDirai. 


AscopJiyllum n<domm* 

A. 

P. 

M. 

Thalius from sea, April 6, 1910 .. .. .. 

1*088 

23-91 



33*5 

Surrounding sea-water , . . . . . 

1-870 

22*«>2 

— 

Thailus kept 24 hours in sea- water in darkness 
at the laboratory, April 7 .. .. : 

' 1*003 

23*02 

43*7 

Thailus as in previous experiment, after 3 J hours j 
in diluted sea-water .. .. .. i 

M15 

! 13*41 

44*5 

Diluted sea-water . . . . . . . . . . | 

■0*887 

10*67 

i 

1 — 


The figures recorded in the table show that normally 
the alga has a slightly higher osmotic pressure than the 
sea~water, and that this is practically entirely due to 
electrolytes is demonstrated by the low value of M. When 
kept in the dark for one day, there is scarcely any change 
in the pressure, but the value of M appears to rise slightly- . 
Alteration of the medium, however, leads to a very rapid 
readjustment of the pressure, through the difiusion out- 
wards of the salts. As might be expected, the mean 
molecular weight is practically unaffected by this change. 
These experiments support those of Osterhout upon the 
electrical resistance of Laminaria, from which he concluded 
that the composition of the cell sap was almost identical 
with that of the surrounding sea as regards its content 
of electrolytes, and that the living protoplasm occasioned 
the extra resistance which he found. The researches of 
Osterhout have already been discussed in Chapter VII. 
Since diluted sea-water is a physiologically balanced solu- 
tion as regards its ionic composition, it is evident that the 
injurious effects noticed on the large scale in Japan are 
occasioned by fluctuations' which are too rapid for the 
proper adjustment to be effected. Accordingly, patho- 
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logical results follow in the constitution of the surface 
layer of the protoplasm^ and it is possible that cells may 
::r. in some cases be even ruptured by excessive intake of 
/- water. ■ 

v v. Rapid, changes-, in the sea-water brought about by , the 
> increased volume ., of . fresh ^ water., delivered' .by the- rivers-' 
during flood have been proved by Yendo to be the cause 
of the serious injury to the algal flora known in Japan as 

reef -burning/" This ‘ often occasions losses in the sea- 
weed industry of as much as £R200 a mile per annum, 
and the evil effects continue for several years. In addition 
to tihe destruction of alg^, there is the loss due to the 
migration of molluscs and pelagic Ashes, The presence 
of strong coastal currents deflects the river- water from its 
seaward course, so a region of brackish water along the 
coast results. It is by 'the extension of this zone in time 
of flood that the phenomenon of '' reef-burning "" is 
occasioned. 

Epiphytes ahb Parasites. 

.The , relationship - between the osmotic. " pressures' ' of. ' . 
epiphytes and parasites, and those of the plants upon which 
they grow, has been investigated by Seim (1913) in. a number 
of instances. By means of the plasmolytio method it was 
found that the pressures of the former were the greater, 
so that the passage of water from the conducting tracts of 
the host is easily understood. 


mGTWN U,--~-OBMOTlC PBE88VME AND MOMFHOLOOICAL 
VAMIAT10N8, 


ISfOBMAL AND ijBHOBMAL EbUITS. 

Realizing that all morphological diflerences are ulti- 
mately based u|)on chemical and physical diflerences of a 
qualitative or quantitative nature, Gortner and Harris 
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(1913) attempted to discover a connection between tlic 
depressions of freezing-point^ densities^ and ineaii molecular 
weights, of normal and abnormal fruits of Passtflora gracilis. 

The abnormalities consisted in the occurrence of ex- 
ternal sutures and placentae in excess of the usual number. 

These authors distinguished between the effects of 
heavy and light pressing upon the nature of the sap 
obtained;, and in other ways took care that the abnormal 
fruits and the controls were subjected to exactty similar 
treatment. 

As the result of the examination of twenty-three samples 
of abnormal fruits and their controls, it was found that a 
very small excess pressure and diminution in mean 
molecular weight was found in favour of the abnormals. 
These are shown below. 


TABLE XLVI. 

Diffeeexces in Osmotic Pressures of Normal and Abnormal 
Fruits. 


1 

Number of 

Number of 



Experiments 

showing 

Positive 

Experiments 
showing 
■ Negative . \ 

1 Mean Vahte of 

Differences. 


Difference. 

■ Difference. ■ 


A 

15 

8 1 

-f 0-0107'^ 

M 

7 

14 

-2-09r 

P 

15 

G 1 

i 

-f- 0*2275 atm. 


In view, however, of the impossibility of appljdng the 
same degree of pressure and of the magnitude of individual 
variations, it does not seem that any importance whatever 
can be attached to the results of this interesting application 
of physico-chemical methods, and, indeed, Gortner and 
Harris themselves recognize this fully. 


■ 182 SOME EEOENT ■■■EESEABCHES,.IN' PEAFT PHYSIOLOGY., ' 
POLYMOEPHISM OF AlGHi:. 

Klebs axid other , workers found that, many: green aigse 
were capable of existing in two or more forms, but the 
stimnhis iiidncing. the change was' unknown. It reroained 
for Livingston (1900) to show that this was of a simple 
nature, being none other than the osmotic pressure of the 
solution in which the algse grew. 

Livingston demonstrated that the responses of Stigeo- 
donkmi {tenne ?), both in form and in reproductive activity, 
which accompany a change in concentration of the Knop’s 
solution in which it is growdng, are due to changes in the 
osmotic pressure of the medium, and are in no way func- 
tions of its chemical composition. Further work (1901) 
established the fact that solutions of non-electrolytes pro- 
duce the same result as those of electrolytes, for in them, 
too, osmotic pressure is the controlling factor in deter- 
mining the form of the plant. This is eifective through 
changes in the water content of the ceils. 

It should be mentioned that this species of Stigeo- 
clonium grows on moist bark, and there exhibits the 
palmella form. The spherical cells multiply by division 
in vertical planes at right angles to each other, the daughter 
ceils separating more or less completely after division. In 
the filamentous form the cells are cylindrical and remain 
in contact; division takes place in transverse planes. 
Both forms efiect reproduction b}^ means of comparatively 
large asexual biciiiate zoospores. 

In addition, Livingston found that a high osmotic 
pressure* affects the plant in four w^ays: {a) It decreases 
vegetative activity; (6) it inhibits the production of 
zoospores; (c) it causes cylindrical cells to become spherical; 

* Tho highest osmotic pressures employed by Livingston in these 
researches only slightly exceeded 8 atmospheres at 0°. 
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(d) it frees the alga from certain limitations as to ilie 
orientation of the planes of cell diTision. Con verse! v, a. 
low pressure reverses these effects. It vois also ascer- 
tained that there were certain quantitative differences be- 
tween the concentrations required to inhibit zoospores in 
the palmelia and in the filamentous stage, thnse requirc^d 
for the former being the greater. Eetwoen the beliavioiir 
in this respect of electrolyses and of non-electrolytes, such 
as sucrose, c|iiantitative differences were found. Tliese 
are all explicable on the assumption that the permeability 
of the cells is greater to’wards the latter. Furthermore, 
it was proved that prolonged darkness does not induce a 
change in the form, of the alga. 

That all these phenomena are due merely’ to variations 
in the amount of water in the vacuoles appears very' im- 
probable. It seems more reasonable to connect them uith 
alterations in the state of imbibition of the protoplasmic 
colloids ; also with changes in the rate of oxidations which 
normally occur in the cell, owing to increases or decreases 
in the area of external surface, and consequent di>stiirbance 
of the usual rate of intake of atmospheric oxy’gen. The 
loss of their motility experienced by many bacteria when 
brought into solutions of a high osmotic pressure a]ipearB 
to be a quite similar instance of disturbance caused b;y 
the withdrawal of water from the jirotoplasm, for bacteria 
are very^ freely’ permeable to most salts. Wladimiroff 
(1891) has employed this arrest of the activity^ of motile 
bacteria to measure osmotic pressures. 

Polymorphism of Fungi and Structural Changes 
IN Angiospebms. 

Beauverie (1900, 1911) has studied the grow’th of various 
fungi, such as the Mucorinse and the conidial forms of the 
higher groups, in solutions of different concentrations. 
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Working with such forms as Aspergillus, Sterigmatocystis, 
Peniciilium, Clonostachys, etc., he found that increase in 
the osmotic pressure of the liquid medium results in — - 
{«) Reduction in height of the aerial portion of the fungus 
Mild the lateral dilatation of the cells constituting this 
region : (6) the predominance of the submerged portion of 
the mycelium relative to the aerial portion. In a certain 
number of ca.scs a great concentration of the medium 
determines the complete immersion of the plant. There 
is then manifested a profound alteration in the form of 
the reproductive organs, which usually remain sterile. 

The results obtained with seedlings of Phaseolus, Pisum, 
Lupimrs, Zea, and Triticum, were also of interest. As a 
rule the roots became more or less abnormal in their 
macroscopic appearance and branching. Microscopical 
examination also showed profound modifications in the 
histology of the root. For example, haricot beans (Phase- 
olus sp.) were grown in water and in Knop's solution to 
which sodium chloride had been added to make a 1 per 
cent, solution. The former developed normally, with a 
large portion of the centre occupied by pith. The latter, 
however, contained no pith, the centre'being filled up with 
the proto- and metaxylem, outside which was a thick layer 
of secondary xylem. Furthermore, the central cylinder 
was protected from the action of the medium by the early 
development of abundant cork arising from the pericycle.' 

Effect of Increase and Decrease of Osmotic Pressure 
UPON Growth AND Irritability. 

A great number of researches have been carried out 
upon the effect of increase or decrease of osmotic pressure 
upon growth and irritability. These have been treated 
of by Livingston (1903), also by Loeb (1906, 1913), and 
consequently they wiU be considered here very briefly. 


OSMOTIC PRISSIJBE m EELATIOIST TO FLAOT DISTRIB17TIOF 1 85 

In a general way it may be said that increase of osmotic 
pressure lessens the rate of growth of ceils and the rate 
of regeneration of lost organs in the lower animals. Loeb 
. h found that the effect of a hypertonic solution may !)e 
such as to prevent the division of a cell while permittira 
the mitotic division of the nucleus. Furthermore, ex- 
posure for a short period to a hypertonic solution forms an 
essential part of one of Loeb^s methods for bringing about 
artificial parthenogenesis. 

Another interesting result obtained by Loeb is that the 
larvse of certain Gopepods are negatively phototropie above 
25°, but rea,ct positively below 10°. The addition of 
sodium chloride to the sea-water in which they are living 
has, however, the result of causing them to react positively' 
whereas dilution with distilled water has the opposite 
effect. These phenomena aU appear to be related to the 
withdrawal of water from the protoplasm, with consequent 
changes m its viscosity and in the concentration of the 
reacting substances within it. The subject is one of great 
interest, and to deal with it superficially would be mis- 
leading. It has been discussed in detail in the books by 
Loeb and by Livingston referred to previously. 


CHAPTER XI 

THE FUNCTIONS OF THE WOOD 

Two of the nicain funetioiis of wood api)ear to be to transmit 
water up^vards from the roots to the branches and leaves, 
and to furnish mechanical support. Of these, the latter 
has been dealt with at length in the w’^elPknowm researches 
of Scliwendener, which are summarized by Haberlandt in 
his “ Physiological Plant Anatomy/" and the former has 
been discussed fully by Dixon in “ Transpiration and the 
Ascent of Sap."" 

It must, however, be conceded that the wood has a 
third function, one of nutrition in a narrow sense; for, to 
be accurate, water is a nutritive substance. Accordingty, 
it is with the transpiration stream considered as a medium 
for the distribution of food materials that the author 
proposes to deal in the present chapter. 

So long ago as 1858 Th. Hartig recognized that the 
soluble products of the reserve materials found in the 
wood parenchyma and the medullary rays must utilize the 
tracheae as their channels of transport to the higher regions 
of plants. This he demonstrated by the depletion of these 
stores in ringed branches. He concluded that the materials 
assimilated in the leaves are passed down in the bark and 
stored in the wood parenchyma and medullary rays. In 
spring these store materials are brought into solution, and 
passed into the trachea, where they rise with the upward 
moving current of water from the roots, 

ISO 
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, In ' 1888 A. Fisher', demonstrated ' by - ':riieaiis 
the presence of reducing sugars in' the trachese of a large; 
inimber of trees at yarions times'of 'the .'year.; ' He does .not;: 
appear to' have tested, for sucrose:, . • . 

From this it might be inferred that the eoriyeyance 
of carbohydrates in the wood described by Hartig, and 
supposed to occur noticeably only in spring., in reality 
takes place all the year round, but in spring most 
markedly. 

notwithstanding this, it is surprising to find bow Sachs's 
(1887) statement that the water in the tracheae is “ an 
exceedingly dilute solution of these (nutritive) salts, which 
may be compared at once to ordinary drinking-vrater/' 
seems to have won the ear of writers ; so that the function 
of the tracheae in conveying organic substances upward 
is either ignored in text-books and omitted from the con- 
sideration of plant physiologists, or its continuance 
throughout the year is discredited or left doubtful; as, 
for example, by Jost (1907), and in the cautious statement 
of Haherlandt (1914). 

Leclerc du Sabion (1902), however, investigated the 
seasonal variations in the reserve materials of the stems 
and roots of trees, and has recently (1911) summarized his 
researches. His analyses deal with the total contents of 
the wood, both of cells and tracheae. He clearly points 
out the function of the wood parenchyma cells in mobilizing 
reserve carbohydrates, wliich are then passed upwards by 
the elements of the wood, and to some extent by the 
bast also. Since these investigations are already in an 
accessible form, they will not be considered here at any 
length. Nicoloff (1911) has also given a very good 
account of the functions of the medullary rays and of 
the trachea}. 



Reseakches on- Wood Sap. 

In connection mth investigations on the osmotic 
pressures and conductivity of solutions of vegetable ori<^in 
Dixon and Atkins (1915, I) found it desirable to make 
o/trels drawn from the conducting tracts 

With this end m view, wood taken from freshly cut 
branches and ^ootn of Acer pseudoplatanus in the month 
ngu.st was subjected to such pressure that sufficient 
sap was yielded for the determinations. The results are 
given in Table XLVII. 

table XLVII. 

Sap pbe ssed prom Wood qp Acer pseudojiatanm, August, 1913. 


Boots 

2 -metre level, small 
branciies 

9 -metre level, small 
branches 


■ ■■ -1. ■■ 


1 A — Ae, 

P, 

Ox 105. 

, 0-468° 

1 0-16,3° I 

■ 0-.305° i 

5-63 

350 

1 0-370° 

0-136° ! 

0-234° 1 

' 4-4'5; I 

292 

0-226° 

0-103° , 

0-159° 1 

' - ' j 

;.3-i5 ,! 

' f 

222 


J.V xxifcty oe mentioned liere fnr £ 

that a 1 per cent, solution of gincose gives aXSon'S 

Jtou- IS'aT “'"t" ''' P™ » dep^icn 

Accordingly the sap must contain i-k o 

..™se fo™ th. prapoataM^ p.r ‘^‘>“”“•‘<>'3' « 

pressed from tire cells of aantam some sap 

ceils ot the medullary rays and of the 
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wood parenchyma. If these cells .were hurst by. the pressure, 
a more or less concentrated sointion liberated from their 
vacuoles would be set free to contaminate the sap in the 
tracheae, If_, on the other hand, the cells are unbroken,, 
their senai-'permeabie membranes will filter the solutions 
of the vacuoles, and the escaping liquid will dilute the 
wood sap with nearly pure water, as previously shown by 
the authors (1913, 1). Evidently, then, the true concen- 
tration of the sap in the trachese may be very difierent from 
that pressed from the vrood. 

The possibility of centrifuging the sap from the trachese 
of pieces of freshij^ cut wood subsequently suggested itself, 
and this method was found very successful. 

The solution obtained thus was found to be much less 
concentrated than that obtained by pressure. In the 
following table are given measurements made on sap 
derived by centrifuging pieces of the same branches and 
roots as those which supplied the sap for the determinations 
recorded in Table XL VII. 


TABLE XL VIII. 

Sap from Acer pseudoplaianust August, 1913. 


i 

A. 

Ae. ' 

A — Ae, i 

P. 

Centrifuged from tracheas of 




1. ■ 

root 

0*070° 

0*032° 

0*038° 

0\S4 

Centrifuged from tracke^e of i 





branch, 9-m. level 

0*049° 

0*019° 

0*030° 

0*59 

Pressed from leaf ceils 





treated with liquid air . . 

1*207° 

0*646° 

0*061° 

14*52 


09 

41 

L341 


Comparison of the depressions of freezing-point and the 
conductivities of the liquids obtained from the wood by 
the two methods shows conclusively that pressure, by 


'^< 1 - 



190 SOME EECENT EESEARCHES IH PLANT PHTSIOLOGY 


bursting the cells, had contaminated the sap of the trachea 
both with electrolytes and non-electrolytes. This eon- 
tammation was further shown by the fact that, while the 
sap pressed from the wood became more or less deeply 
coloured brown ow'ing to the presence of a chromogen and 
an oxidase, th.&t centrifuged ixom it remained almost 
colourless, indicating that either one or both of these 
bodies were retained in the substance of the wood, or, 
more precisely, in the living cells. Moreover, the centri- 
fuged sap is neutral to litmus, whereas that obtained by 
pressure IS acid. 

At the same time the interesting fact was made clear 
that even m the month of August the carbohydrates present 
m the trachea are sufficiently concentrated to produce a 
eprassion of freezing-point amounting to 0 030° and 
0 038 in stem and root respectively. It thus appears that 

traHri“ 1 passing up through the 

trachea, m the transpiration stream has the same freezing- 

point as a 0-2o per cent, solution of glucose, or a OhO per 
cent, solution of sucrose. , The concentrations of the caxL 
hj chutes of the root approximated to those of 0-3 per 
cent, soluhon of glucose, or of 0- 7 per cent, of sucrose. 

Ihese observations strikingly negative Sachs’s view that 
the stream rising from the roots to the leaves durino- 

stroffi; " 

concentrated 

rvh l i' , extracted by pressure from leaves 

hich had been treated with liquid ah to render theh 

protoplasm permeable. 

Gonteinporaneously with the experiments on Acer 
pseudopjatanus similar measurements were made on Z 
ap o Fopulus alba^ and are recorded in Table XLIX 
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TABLE XLIX. 

Sai* Oi^’ Poptilm albdi August 28 , IDK). 



:'A.. 


A - Ac. 

J\ 

fix 10= 

Centrifuged from trachea3 of 
stem at 12-m. level 

omr- 

... 

0-010“ 

0*03i“ 

0-57 

34 

Centrifuged from trachete of 
root .. .. 

0*072“ 

0-024“ 

0-048“ 

0-87 

52 

Pressed after treatment with 
liquid air from bark of 
stem, 12-m. level . . 

1-215“ 

0-218“ 

0-907“ 

14-02 

453 

Pressed after treatment with 
liquid air from bark of root 

i-lOF 

0*179“ 

1 0-922^' 

13-23 

383 

Pressed after treatment with 
liquid air from spring 
leaves , ... . . ■■ ■ ... 

1-320“ 

0-438“ 

j 

0*888“ 

1 15-95 

900 

Pressed after treatment with 
liquid air from summer 
leaves .. .. 

'■.1-487“ ■ 

0-315“ 

M72“ 

1 

' 17*88 j 

054 


In this case the sap centrifuged from the trachese of the 
stem and the root gave no dkect reaction with Fehiing’s 
solution. Evidently neither glucose nor maltose was 
present. On inversion, however, a noticeable reduction 
took place, indicating the presence of sucrose to the 
amount of about 0*5 per cent, and 1 per cent, respectively 
in the stem and root. 

The sap from the cells of the bark of stem and root, and 
from the leaves examined at the same time, showed, as 
ai3pears above, much higher concentrations. 

It was then determined to investigate the concentration 
and constituents of the wood sap at different seasons of 
the year, and to see if variations of any considerable mag- 
nitude occurred in it. With this end in view, pieces were 
cut from the branches, at the same level on each occasion, 
and roots of the following trees, and examined cyroscopie- 
aliy, electrically, and chemically: Acer j^smdoflatanus ^ 
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Coioneaster frigida, Fagus silvatica, Ilex aquifolium, Fopulus 
alba, and Salix babylonica. 

Under hexose ■. and sucrose is, given , an approximate" 
estimate of the amount of these sugars present; when 
5 drojos of the sap decolorized 10 drops of Fehling's solu- 
tion, X X X X is set in the hexose column, when equal 
volumes were required x x , and w^hen 20 drops of the 
sap had to be used for 10 droj)s of the solution x is put 
down. Under sucrose a similar notation is used, indicating 
the volume of inverted sap required to decolorize the 
copper solution. Allowance is made for hexose, if any 
was found previous to inversion. In the same way a 
barely perceptible reduction is indicated by +, and a 
more marked trace by -4- + . It may be mentioned that 
the values of these signs approximately correspond, 

X X X X to 1 per cent., x x x to 0*75 jier cent., x x to 
0*50 per cent,, and x to 0*25 per cent. ; + to 0*01 per cent., 
and + + to 0-1 per cent. 


TABLE L. 

Acer pseiidoplatanus : Wood Sap fbom Stism at 8-Metbe Level, 
AND FBOM Root, 


Date, 

A. ■ . 

Ae, 

A - Ae. 

P. 

.1' i 

Ox m Secose. 

I„ L 

Sucrose. 

March 3, stem 

0*120° 

0*022° 

0*098° 

1*4-4 

47-0 1 

X X 

XXX 


0*223° 

0-070° 

— 

— 

2-68 

0-91 

■ ^ 

X X 

0 

X X X Xm 
XXX 


0-049° 

0*019° 

0*030° 

!0-59 

41*0 

■ 

. 

0-070° 

0*032° 

0*038° 

0-84 

69-3 1 

■ — . 

! 

<«■> & 

0-041° 

0*021° 

0*020° 

0-50 

45-7 

+ 

4- -f" 

0-080° 

0*027° 

0*053° 

0-96 

57*7 1 

0 

X X 


0-091° 

0*032° 

0*059° 

1-09 

69*0 

— ■ 



0-059° 

0*035° 

0*024° 

0-71 

74*9 1 

1 


— 


Where m is written in the sucrose column, the presence 
of maltose was detected by phenyl hydrazine. Of course, 
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maltose^ being a reducing sugar, contributes to the pre 
cipitate observed before inversion. It Is somewhat hydro- 
lyzed by boiling with acid for a short time, and coiise* 
quently adds to the precipitate occurring after inversion 

JAN. FEB. H AR. APRIL MAY J UN E JULY AUG. SEPT. OCT. NOV. DEC. 


" Acer pseuooplatanus 

A of Sap of Stem - 

A »» « « Root — 


Pig. 22. 

Its presence renders the identification of a hexose by the 
reduction test rather doubtful. 

An asterisk is placed on the date at which the leaves of 
the buds began to expand. 

These observations are graphically recorded in Fig. 22, 
in which the ordinates represent the depressions of freezing- 
point and the abscissae the months of the year. The broken 
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line is the graph for the concentration of the sap of the 
wood of the stem ; the full line that of the root. The figure 
shown on p. 193 is fairly typical of the behaviour of 
Popiiius, Fagus, and Salix. 


TABLE LI. 

Ilex aquifoUum : Wood Sap peom Stem at I-iMetre Level. 
AND FROM Root. 


■Ae. ■ lA-Ae. P. \G'xW^\\Hexose.\S‘iwrose. 


March 2, stem! 0-050'= 0-026'= i O-O.W I 0-07 ! 55-9 

Wcw! arfstem| 0-052° 0-025° 0-027° 0-63 1 54-4 

Aiarcii Q.^5^0 ; ^3^9.4 

May 14,* stem' 0-074° 0-035° 0-039° 0-89 1 76-6 

June 27, Bteml0-084'‘ 0-034° | 0-050° 1-01 72-4 

q.r,+ !“> fstemi 0-082° — — 0-98 — 

Siopt. i- j Q.(jggo _ I ; 1.19 __ 

Apt « fstem O-oar 0-029° ' 0-022° 0-02 ' 61-7 

^ \root I 0-063° 0-042° | 0-021° \ 0-78 I 90-4 

npp ->-)* /8*e™l 0-072° 0-030° i 0-042° 1 0-86 03-9 

A'tC. _.J I g.ggjo 0.9370 I 0.0240 j 0.73 g 0.3 


JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. D£C. 


Ilex aquifolium 
A of Sap of Stem ~ 
A •• *• •» Root ~ 


■ Eig.' 23 . 

The results obtained with the evergreen Hex differed 
very considerably from those afforded by deciduous trees. 



im 
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; They are shown in Table LI. and' in Fig, 2S. The sub- 
evergreen Cotoneaster behaved much in the same way 
.as .did Ilex. ■ " ■ . ■ ■ 

; ■ CONCENTRATIOIS!' OF ToTAL 'Sap SoDtJTES.' 

The general form of the curves for the concentration of 
the wmod sap in the stem of the deciduous trees examined 
is similar — viz.: There is a cusp in the early spring, fol- 
lowed by a rapid fall.**’" Then a period of low^ concen- 
tration in the summer and early autumn, f followed b}’' a 
rise, which is gradual at first, and then becomes steeper 
as it approaches the spring maximum. So far as the 
investigation goes, it shows that the concentration of the 
wood sap in the root follows that of the stem, and is 
generally lower than it; but there does not appear to be 
such a pronounced rise in the spring, and the succeeding 
fall is not so rapid. Accordingly, during the vernal decline 
in concentration it is often found that the solutes of the 
wood sap of the root exceed those of the stem. Sometimes 
this difference persists until the concentration of the latter 
begins to rise again — e.g., Acer, Populus, and possibly 
Fagus. . 

The few’- observations made upon Salix indicate that 
the concentrations in the root and the stem are closely 
similar. 

As before mentioned. Ilex aquifolimn behaves quite 
differently from the deciduous trees with regard to the 
seasonal variations in its wood sap. 

This sudden rise and fall during the spring in the concentration of 
the carbohydrates of the sap was detected by Schroder (1869) in his 
investigation of the bleeding of trees. 

t A. Fischer (1888) also found that there was less glucose in the vesseiR 
of several trees in the summer and autumn than in the spring. 
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Here the graph haS' two cusf>s— one in summer and one 
in winter — and . corresponding depressions in, spring and 
autumn. The relation of the concentration found in the ■ 
root to that of the stem is reversed^ for while in deciduous 
trees the sap solutes of the wood are generally greater in 
the stem than in the root;, the converse was found to hold 
ill the case of Ilex. Only in winter was it less in the root 
than in the stem. 

Concentration oe Non-Electrolytes. 

The form of these curves is not greatly altered if we 
deduct from each observation the amount of depression 
due to the electrolytes. Hence they convey a fair im- 
pression of the variations in the concentration of the 
soluble carbohydrates in the traehese, and it has not 
been thought worth while to plot special graphs for the 
latter. 

From inspection of the tables it is quite clear that, 
except occasionally in the summer and autumn, the molec- 
ular concentration of the carbohydrates in the transpira- 
tion stream in deciduous trees is greater than that of the 
salts. Furthermore, since the sugars have high molecular 
weights (glucose 180, sucrose and maltose 342), the actual 
percentage weights of these substances in the sap must 
be far greater than that of the electrolytes, which have 
low molecular weights and are largely ionized. Hence 
we must admit that the translocation of carbohydrates is 

* It is difficult to correlate the variations in concentration in the sa-p 
of Ilex with the periods of bud expansion. The period for bud expansion 
appears uncertain, especially in pruned or lopped trees; thus, in the 
season 1912-13 buds expanded from November to January. In 1914 
the summer buds were opening as early as April 22, and expansion was 
complete about the beginning of June. On the whole, however, most 
buds open during the winter and summer months. 


'?^;T ■??'’> ’*"^‘f' 
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at least as important a function of the transpiration 
current as the transference upwards of niitritire mineral 
..salts. 


, , CONCENTEATIOK OF EleCT-EOLYTES. 

With the exception of two observations made in June 
on Cotoneaster frigida and in October on Foimlus alba, 
it appeared that the concentration of electrolytes was 
greater in the wood of the roots than in that of the stems 
This would seem to suggest that, while the quantity of 
dissolved carbohj^drates in the transpiration stream jiiay 
be added to on its upward passage, the amount of dissolved 
electrolytes is not thus reinforced, but usually is diminished 
as the stream rises. Doubtless some of the dissolved salts 
are abstracted and used in various processes of metabolism. 
The observation on Cotoneaster, however, showed that 
this does not always hold good, for in it the concentration 
of electrolytes in the stem was slightly greater than in the 
roots. Furthermore, in a number of observations made 
on Acer macrophyllum (see Table LII.) no steady gradient 
from below upwards is revealed. 


Vabiation in Concenteation at Diffeeent Levels 
IK THE COKBIJCTING TeACTS. 


The pieces of the stems yielding the sap examined in 
the foregoing experiments were always taken from the same 
plant and from the same iev§is above the ground. Those 
were as follows: 


Acer pseudoplatanus, 8 m. 
Goioneaster frigida, 6 m. 
Fagus silvatica, 12 m. 


Ilex aqwifoUum, 1 m. 
Poqmlus alba, 12 m. 
Salix hahylonica, 5 m. 


It seemed desirable to compare the sap from the same 
level on the different occasions, in case a difference in 


! 
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level in the tree is associated with a change in . concen- 
tration.''’" ' ' . 

The subject for the investigation was an old tree which 
had been cut across near the ground many years' previously* 
irom the level of the soil three similar branches about 
vlO centimetres in diameter took their origin, and rose to 
a height of about 10 metres. One of these was cut dowui 
in the middle of October, and samples of the wood excised 
at various levels— viz.; (1) ground-level, at (2) 2 metres, 
(3) 4 metres, (4) 6 metres, and at (5) 8 metres above 
ground-level, and finally (6) from the small branches 
about 10 metres above the ground. The following table 
gives the results of determinations made on the sap cen- 
trifuged from the wood, and sho'ws how^ the concentration 
varies from below upwards at that time of year: 


TABLE LII. 

Acer macfofliyllum : Wood Sap, Octobee. 



A.: 

! , Ae. . 

I a- A e. 

1 P. 

1 

0x105 

IJexosG, 

Sucrose. 

Stem, 10 -m. level 

o-oes'^ 

0-037° 

0-031° 

1 ■■" 

o* 8 i: 

79*0 

+ 4 . 


« S-m. „ 

0*048° 

0*033° 

0*015° 

0*57 

70*9 

' -f--' 1 

X 

» O-m. „ 

0*040° 

! 0*030° 

0 * 010 ° 

0*49 1 

■':64*8 

■ 0 ' ' , i. 

0 

„ 4-m. „ 

0*035° 

■0*025° 

0 * 010 ° 1 

'.0*42 I 

'54*2 

'"'■0 '[ 


S-m. „ 

0*046° 

0*028°! 

0*018° 

0*50 

61*0 

0 '"' 

■ ■ ■ V 

V 

p”. ” 

0*053° 

0*039° 

0*014° 

0*63 

84*6 ' 

0 ■ !' 


Boot . . 

0*060° 

0*035° ' 

0*025° 

0*72 

70*4 1 

■ 0 ; 

XX 

- - ^ 

— 






■ ,j 



bohroder (1869) found tins to be tho case in bleeding sap of Acer 
^atarmdes and Betula. The sugar concentration in Acer was found 
^ greaiei in the root and m the upper parts of the stem than in the 
of The^bh^e 1 ® “oiitrary, tho concentration 

it is in the ba“f ofThe 
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Distribution of .Carbohydrate Reserves 
IN THE Wood, 

' .Stareli was present in large quantities in the. wo.od at the 
time these determinations were 'ro-ade. The ceils of the 
..medullary rays, the last few layers of elements formed in 
each year -ring and the first layer of the next, and the 
elements in contact wdth the vessels, were densely crowded 
with starch grains. The sheath of starcli-containing 
elements round the vessels was continiious, and often 
many "layered, in the root and in the stem at the ground- 
level. Higher up only some of the elements in contact 
with the vessels contained starch, but those w^hich did so 
were densely packed. Also it was noticed that in this 
region the first layer of the spring wood was without starch, 
except where it was in contact with vessels. Gleneraliy 
there aj)peared fewer starch-containing elements at the 
higher levels. In the root the number of starch-containing 
cells is still further augmented by the fact that the vessels 
are much more numerous, hence the number of elements 
constituting the starch- bearing sheaths is more considerable, 
A quantitative estimation of the cross-section of the various 
elements of the wood in some trees will be given farther on, 

Lecierc du Sablon (1902) has quantitatively analyzed 
the wood of the stem and roots of trees at various periods 
of the year. He examined both deciduous trees and ever- 
greens. As typical of the behaviour of the former, his 
results with the chestnut are quoted in the following table. 
The variations in the carbohydrate content are very great. 

From these figures it may be seen that the quantities 
of stable reserves, polysaccharides, far exceed those of the 
sugars. During the winter there is a diminution in storage 
products, due mainly to respiration. The sugars increase 
in the spring, and the polysaccharides (starch, dextrin, 
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and the more easHy hydrolyzable portion of the cellulose) 
during the late summer and autumn. During the autumn 
and winter carbohydrates are present in the root in greater 
quantities than in the stem. In the'summer the two are 
more nearly equal. 

TABLE T.irr 

\AMATIOas IS THE AND PoLTSACCHAEIDES OF THE 

Chest>ut Thee, stateo as PEBCEHT.mE.s of the Bey 


J>ate. 


Sugars, I Pol//saecharides. ! Total, 


Stem. 


Root, 


Stem. Root. 1 8tem. 


20-7 

20*4 

18-S 

17*6 

18*3 

18*5 

23*7 

24*2 

21*5 

19*3 


25*3 

21*0 

21*4 

16*7 

18*2 

20*7 

28*5 

27*5 

27*8 

25*4 


24*7 

24*7 

21*5 

19*9 

20*4 

2M 

25*9 

26*4 

24*7' 

23*0 


Root. 


27*2 
25*9 
24*7 
19*8 
21*8 
24*3 
30*3 
29*1 
28*9 
27*3 ■ 


it^ appears very probable that the process of “season- 
ing timber by soaking it in water, salt or fresh, may 
owe Its preservative effects to the fact that durinci it 
po ysaccharides are hydrolyzed, and the sugars of "the 
els and tracheae diffuse away rapidly. Thus by the 
e imination of these products and of the disintegrated 
protoplasm the timber is freed from material which would 

wise provide a suitable medium for the growth of 
fungi or bacteria. s oi 
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Ftjnctiok; of THE LIVING Elem,ents OF th:e Wood.' 

Examination of sections forLlie: estimation' of the starcli 
content of the , wood 'cannot fail to force on one the , .remark- 
ably regular and close connection existing between the 
starch-containing elements and the vessels-. Further, 
when we take into account that the transference of carbo- 
hydrates can no longer be regarded as an occasional and 
accessory function of the vessels, but is certainly a con- 
tinual and principal function, the starch layer round each 
of them becomes evidently a glandular sheath to the 
vessel for the secretion into it of the sugars to be trans- 
mitted upwards. The location of starch in the elements 
on the borders of the year-rings is clearly connected with 
the sudden transmission upwards of Immense quantities 
of sugars in the spring. The depletion of the glandular 
layer of the spring vessels will be made good from the 
stores massed close by in the outer margin of the year-ring. 

We may imagine these carbohydrate glands forming a 
sheath round the vessels to act somewhat as follows: In 
spring their stored starch is rapidly brought into solution, 
and the resulting sugars secreted into the vessels. The 
solution in the trachesB acting osmotically through the 
semi-permeable membrane formed by the outer tissues of 
the root determines a flow of water from the soil to the 
trachea, and the resulting hydrostatic pressure is re- 
sponsible for the exhibition of bleeding and root pressure 
characteristic of the spring. This simultaneously forces 
much of the air im the tracheae into solution, and raises 
the sugars towardvS the buds. The observations recorded 
show that the maximum concentration of the sugars in 
the tracheae is simultaneous with, or just previous to, the 
expansion of the leaves. The activity in transpiration of 
the developing leaves is forwarded not only by the opening 
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up of the water-channels on the removal of ■ air-bubbles, 
but also by the growth of the leaves themseivesj rendered 
possible by the accession of sugars, etc^, carried up in the 
sap. The increase in the volume of the transpiration 
stream from these causes, and more favourable external 
conditions, leads to a dilution of the sugars, and is re- 
sponsible largely for the rapid decrease in concentration 
at the time of the expansion of the leaves, as shown in all 
the curves. Possibly somewhat earlier there is a diminution 
in the enzymic activity of the cells round the vessels, and 
this initiates, and later contributes to, the dilution of the 
sugars. The secretion, however, does not cease at any 
time of the year; and consequently even in summer we 
find the enormous transpiration stream possessing a very 
noticeable concentration of sugars, which is, indeed, 
greater than that in which the same substances are present 
in the human blood. To make good this expenditure the 
glandular cells must be constantly replenished by supplies 
forwarded from the organs of carbon assimilation through 
the bark, medullary rays, and wood parenchyma. The 
rise in concentration of the sap in the trachea towards the 
end of the year is to be ascribed, in ail probability, to the 
more or less uniform continuance of this secretion, coupled 
with the reduction of transpiration, entailing a diminution 
in the rate of the current past the secreting cells prior to 
leaf fail. For it is evident that, if the rate of the secretion 
of sugars remains approximately constant, the concentra- 
tion of the sap will de|)end upon the volume of the tran- 
spiration stream. In winter the complete cessation of 
transpiration allows of a further concentration.'^' 

In view of this continued secretion of carbohydrates into the traclie?e, 
it is advisabie to centrifuge the sap from the wood immediately on its 
removal from the tree; otherwise the concentration observed may be 
greater than that actually obtaining during transpiration. 
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It must be remembered that the inflow of water from 
the ground to the elements of the wood of the roots takes 
place .across the cortical ceils of the root. For, though' 
the latter have a much higher osmotic pressure than !ia\-e 
the tracheae, they function merely as a com]>lex semi 
permeable membrane, as they are already' fully distended. 
Lecierc du Sablon (1911), in the absence of measurements 
of the osmotic pressure of the trachea?, imagined it to be 
greater than that of the cortical cells. Consequently he 
explains root pressure as a flow occasioned by the osmotic 
gradient, from ground, through cortex to traclieDD. By 
implication this view requires the cortical cells to secrete 
a more concentrated sugar solution than they contain, 
even though pure water is available continually to dilute 
it. The facts experimentally ascertained, however, show 
that such a secretion does not take place, for the sugar in 
the trachese is far less concentrated than in the cells. 
Thus the view put forward here differs considerably from 
that of Lecierc du Sablon. 

Where the wood parenchyma is specially concentrated 
round the vessels, while the tracheids form comparatively 
large tracts without living cells intermingled, we may with 
probability assume that a certain amount of division of 
labour has come about, and that the vessels function as 
the principal channels for the transmission of carbo- 
hydrates. The tracheids, on the other hand, are chiefly 
concerned with the upward conveyance of the water. Of 
course, as long as no bubbles are developed in the vessels 
they wdll transmit the sap in them, with ail its constituents, 
more rapidly than will the tracheids, when both are under 
the tension generated by the leaves. But if a bubble arises 
the stream will be deflected into the tracheidal columns. 
There, owing to the smaller size of the compartments com- 
posing the channels, the tensile column will acquire greater 
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stability. Hence,, when the. wood is rich in water the 
most rapid transit upwards , will be effected in . the vessels, 
which at the same time will be coinparativeiy rich in 
carbohydrates, ■ while a; slower ..and more dilute, stream will 
pass up in the tracheids. If drought, by causing an 
inciease in tension, produces bubbles in the conducting 
channels, the major part of the stream, with its solutes, 


The Mechanism of the Secretion of the Wood 
'.' Parenchyma Cells. 

As mentioned in previous chapters, there is a fall 

osmotic pressure as one proceeds from the leaves 

been shown by Dixon and Atki 
(1J15, 2), that the interpretation of this appears to j 
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when they were maintained for se^erai days in almost 
total darkness, being still attached to the tree the other 
leaves of which were assimilating actively. Wlieii the 
weather conditions interfered with the formation of sugars 
by the exposed leaves, the concentration of these substances 
in the covered ones decreased very markedly. 

Under normal summer conditions in, for example, Syringa 
there is a decrease in concentration from the leaf cells, 
through the bast, to the cells of the medullary rays. Trans- 
formation of sugars into starch takes place in tiie latter, 
hence the low pressure is. maint.ained in this region. . ■ 

It was pointed out, when dealing with the permeability 
of the plasmatic membrane, that sugars are frequently 
found to pass through the j>rotoplasm at a quite appreciable 
r£|,te. Since the wood parenchyma cells are in contact with 
a very dilute solution of mineral salts, it is quite possible 
that the secretion of sugars into the stream may in 
reality be accounted for by simple diffusion, through the 
plasmatic membrane. Furthermore, as Osterhout has 
shown, the permeability of the latter may undergo repeated 
increases or decreases within certain limits quite unaccom- 
panied by any injurious effects. From such considera- 
tions as these one is led to the view^ that this secretion 
is not necessarily an instance of the intervention of the 
protoplasm as an active agent, but that it is, perhaps 
preferably, to be thought of as due to diffusion. Though 
the writer advances this view, he does not wish in any way 
to throw doubt on the fact that living ceils can secrete 
concentrated solutions when supplied with dilute ones, 
and in other ways act in a manner that, when looked at 
with the comparatively superficial knowledge of the present 
day, appears to be in opposition to physico-chemical Jaws. 
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IHE DXJGAES OF THE TbaNSPIEATION STREAM. 

A survey of the roughly quantitative estimations of the 
sugars as recorded in the foregoing tables makes it clear 
that, though hexoses and maltose may be present, sucrose 
IS by far the most important sugar of transport. Thus 
in Populus, Acer, Cotoneaster, and Salix, it far exceeds 
the hexoses and maltose combined. In Ilex and Eao-us 
the proportions appear to be more evenly balanced, 
though on two occasions sucrose was found to be entirely 
absent from the wood of the latter. This preponderance 
of sucrose is decidedly remarkable. Its presence in such 
quantity cannot, it seems, be explained by supposing it 
o have been stored as such in the parenchymatous cells of 
the wood, for these are loaded with starch in quantities 
sulheient to produce maltose and glucose in amounts far 
m excess of the sucrose found; yet the proportion of the 
latter preponderates. Since maltose, by the action of 
maltase, gives rise to glucose only, one is led to suppose 
that a part of this hexose undergoes transformation into 
d-fruetose (laevulose), and that these two are then united 
to form sucrose. The possibility of such changes takincr 
place has been discussed in Chapter I. The alternative'’ 
that sucrose IS here directly derived from starch, just as 
staich IS condensed from sucrose, must also be considered. 

n this connection it is of interest to note that Hassel- 
bring and Hawkins (1915) have shown that, when the roots 
of the sweet-potato are stored, the starch present in them 
lb rapidly transformed mto sucrose and hexose, of which 
the former is in large excess. These authors give a 
ibhography of earlier work on simUar changes hf other 

as Starch decreases in ripening bananas. 

Ihe very general absence of any appreciable quantities 
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of maltose ia the sap appears to indicate that this su,<^ar, 
arising from the action of diastase on starch, is itseJf 
further hydrolyzed to glucose to a great extent, a'his is 

to be regarded as evidence of the presence of maitase in 
the cells. 

The u'hole subject i,s one of great interest, and further 
and more aocrirate analyses of the sugars are neces.sary 
before any degree of certainty can be reached. 

Before closing it may be profitable to consider tlie dis- 
tribution of the elements of the wood with regard to its 
bearing on the co-ordinated functions of the living cells 
and of tile tracheae. "" 

The Living and Non-Living Elements of the Wood. 

As IS well known, all woody stems are traversed bv 
meduUary rays, which place the wood and the bast in close 
communication. In conifers the wood consists of spindle- 
shaped tracheids with bordered pits, and with (e.ff., Taxus) 
or without (e.ff., Pirns) internal spiral thickenings. In 
other types of wood there are, in addition, wood parenchyma 
cells, and vessels formed by the union of elongated tubular 
cells, the end walls of which are absorbed in many places. 

In such stems a great part of the transpiration stream 
appears to travel in the vessels, though a portion may 
traverse the wood fibres, which are thick-walled tracheids. 
Thickenings, spiral, reticular, scalariform, or annular, are 
to be found in the conducting elements, and pits' are 
situated on the thinner portions of the cell walls. 

The medullary rays consist mainly of living cells, though 
m some, especially in the larger types of ray, there are 
tracheids. Many of the cells are seen to be loaded with 
starch grains and other reserve materials. These may fre- 
quently be observed in the wood parenchyma cells also. 

The immediate source of supply for the medullary ray 
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cells is the bast. For through it the surplus assimilates 
pass downwards from the leaves to stems, rhizomes, roots, 
or other storage organs. From the medullary rays the 
i ■ reserves pass to the wood parenchyma ceils when these 

i ^ are present. 

The distribution of the parenchymatous cells in. the 
; ' . wood shows an orderly arrangement forming vertical 

plates in connection with the medullary rays, and very 
regular sheaths surrounding the vessels. The cells abutting 
j on the spring wood are also found to be very rich in starch 

in many cases. The importance of this arrangement has 
recently been emphasized by Dixon and Atkins (1915, 1), 
and in the winter these sheathing cells are differentiated 
in a striking manner when treated with iodine solutions, 
owing to their being crowded with starch grains. 

In connection with researches on the ascent of sap, an 
investigation was carried out by Dixon and Marshall 
(1915) upon the relative areas occupied in the cross-section 
of a woody stem by the walls, by the living cells, and by 
' the lamina of the non-living conducting tracts. Since 
the results have a direct bearing on the present subject, 
they will be quoted here at some length. 

A Quantitative Study of the Areas occupied by 
Elements of the Wood. 

The method adopted was to obtain photomicrographs 
of transverse sections of the wood of various trees at such 
a magnification that, whilst the individual cells were of 
sufficient size to permit of their lumina being accurately 
cut out with a sharp-pointed knife, yet a fairly large portion 
of the section was in the field, so as to minimize irregularities 
owing to the inclusion or exclusion of medullary ray tissue, 
which would tend to distort the true proportions. To 
further avoid this source of error, since the results obtained , 
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were in some eases v^ery variablCj. it was deemed advisable 
to make a number of photographs of each typo of wood, 
and to cut them mp 'as before described. The portions 
representing the-liimina/of .the water-coiidiicting elements 
and o.f' the, 'living cells .were .preserved separately, as wem 
also those occupied bj' the ■ceil- walls. The relative areas 
of ea^ch were then found by w^eighing the pieces of paper, 
and expressing the individual values as percentages of the 
total. In this manner the following tables were obtained, 
illustrating the composition of the wnod of dicotyledonous 
trees. A preliminary experiment upon the WT)od of a 
conifer, Finns silvestris^ gave the figures here recorded:®^' 

Lumina of medullary ray-cells . . . . 0*9 per cent. 

„ tracheids .. .. ..01*2 „ 

Walls of tracheids and ceils . , , . 31*9 „ 


TABLE LIV. 

Ilex aquijolmm : Areas or the Elements of the Wood ik 
Cross -Sections. 


Sectioji, 


Cells, i Tracheids. ' Vessds. j Trackece. Wails, 


Mean 


The results obtained with Ilex may be taken as illns- 
trating the variations met with in the individual deter- 
minations. In trees, such as Acer, in which the medullary 
rays are very large, a wider divergence is found between 
separate measurements. 

In Table LV- are given the mean values for the wmod 

* These were obtained by cutting up a emmm imida drawing instead 
of a photomicrograph, , 



210 SOME EECENT EESBAJSCHES IN PEAN'I’ PHITSIOEOGY 

of Other trees, taken from tables similar to that just 
quoted. 

Thus it may be seen that the area occui>ied by the lumina 
of the Jiving ceUs varies from about one-tenth (Salix) of, 
to almost equality (Acer) with, the area of the lumina of 
the tracheae, the mean being about onc-quarter. The 
latter may fairly be taken as a representative value, for 
it is based on twenty-two observations on seven kinds of 
trees. 

TABLE LV. 

-Me.vn Valves fob Aeeas op the Cells, TsACHEiB, and Walls, in a 
Gross- Secttojt of the Wood of a Dicotyledonous Stem. 


Name of Tree. 


Acer 'pseudoplata- 

71US . . 

Nagm sijlvatica, . j 
Ilex (iquifolmm, . . i 
Syringa vvlgaris i 
Populus alba . . j 
Ootoneaster frigida 
Salix hahylonica > 
Mean of seven 
kinds of trees 


j No, of 
! Ohserva- 
! tions, 

\ 

Lumina 
of Gdls, 

1 1 

1 

, Lumina 

i , 

I YessdB. 

! 

^ 1 

28-2 

12*8 

20-7 

3 ' 

13*1 , 

25-0 

15*8 

1 4 

10-2 

17-9 

17-4 ■ 

■ . '2 ' ' ■' 

10-0 

10*1 

30-1 

■ o .. ■ 1 

9*8 ' 

25-8 

28*0 

3 

7-4 

12*6 ' 

37*2 

■'2 

• . ■ . ■ ■ j 

0*7 

18-9 

38*4 

— 1 

] 2 -i 1 

17-6 1 

26-8 


33-5 

41-0 

35-3 

403 

o3-8 

49*8 

57-4 

44-4 


38*3 

45*9 

54-4 

49*7 

304 

42- 8 
37*0 

43- 6 


Quantitative experiments of this type serve to clarify 
one’s Ideas on the anatomy of woody stems, and further 
data of this nature would no doubt prove very useful The 
labour, however, necessary to obtain them is very con- 
siderable, 

Tlie foregoing study of the distribution of the storage 
cellos and trachesB of the wood clearly shows how the view 
as o he nutritive character of the transpiration stream is 
m accord with the histology of the stem. The role ass%ned 



THE OE THE Vi"GfJlJ 


to tlie lining cells also uiakes intelligible their ))reseBce in 
such, large quantity — about one-fourih of the area of the 
liimina of the trachea. 


Functional Die-febentiation of Ttbes of Medullaby 

Ray Cells. 

The views advanced by Dixon and Atkins as to the 
relationship of the nieduilary ray cells to those of the other 
elements of the %Food are in close agreement with those put 
forward by Nicoiof^ (1911); and since the latter investiga- 
tor arrived at them by an entirely dih'erent method — the 
microscopic examination of the tissues at intervals during 
the year — it may not be devoid of interest to <:|uote from 
his work in extenso, Mcoiofi, moreover, draws attention 
to specialization of the cells of the rays: 

When the physiological role of the medullary rays is 
being considered, it must be studied with due regard to the 
relation of this tissue to its surroundings. It has been 
usual to regard the medullary rays as vertical plates of 
cells running in a radial direction in the stems, and faciH- 
tating the transport of nutritive materials from the exterior 
to the interior, and vice versa. Such a definition of their 
functions is incomplete. It is true that they do in fact 
transmit nutritive materials in a radial direction from the 
exterior — the sieve tubes — ^to the elements of the wood. 
The importance of this role has been much more apparent 
since Fischer’s researches, which showed how great a part 
the vessels play in the upward conveyance of reserves. 
Now, it is knowm that the vessels themselves draw these 
reserves from the rays, or els© from the other elements of 
the wood, which in turn draw them from the rays. Thus 
it is possible to establish a cycle of nutritive substances, in 
which the starting-point is the centres of assimilation 
taken collectively. , The assimilates enter the sieve tubes . 
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and pcHotrate into tlie inodullary rays at differoiit levels' 
for transmission to the wood, which is the principal store- 
house. After this they travel through the vessels leading 
to the regions in which growth is taking place. 

“However, if the role of the medullary rays as a tissue for 
the transference of reserves has been sufficiently insisted 
upon, their great importance as the storehouse of the stem 
has not been adequately emphasizjed. This function may 
be easily understood when one remembers that in certain 
trees, as already mentioned, the rays represent a very large 
. proportion of the total mass (one-fifth or even one-fourth), 
and that all this tissue, at certain times of the year, is 
closely packed with foods tuifs (starch). It is true that 
the wood parenchyma and wood fibres (Salix, Acer, etc.) 
also at times contain for their part large quantities of these 
substances, but for the major portion of the year the 
quantity contained in the rays is much superior. This rdle 
of the medullary rays becomes even more important in 
trees in which the wood parenchyma is poorly repre- 
sented. 

“ As for the division of physiological labour between the 
tV'O elements composing the medullary rays, we can now 
be more explicit. In fact, we see that, when starch 
reappears in spring, it fills the two kinds of ray cells, 
with the exception sometimes of those of the upright 
approximately cubical cells abutting on the vessels. When 
the starch is dissolved, it ordinarily disappears first of all 
in the radially elongated cells. The order in which this 
solution is efi’ected becomes more marked according as the 
morphological di-fierentiation of the two tj^pes of element 
becomes more complete (Salix, GoryW, Liquidambar, 
Viburnum, etc.). The order just described is the usual one, 
although it so happens that certain trees show another 
order for the solution of the starch, in spite of the pro- 
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nounced differentiation of their medullary raj^s (iEsciiiiis, 
Tiliaj etc.). ... If the solution of starch takes place in 
the order indicated, the conclusion can be drawn that the 
upright cells, other than those in contact with the vessels, 
are to be regarded as forming a storage tissue, whereas 
the radially elongated cells serve principally as channels 
for the conduction of foodstuffs.’’ 

Nicoloff further remarks upon the scarcity of glucose in 
the medullary ray cells, as shown hj the copper-reducing 
test, although it be found in the %vood parenchyma and 
fibres, and especially in the vessels. This absence of sugar 
he thinks remarkable in view^ of the high osmotic pressures 
found by Kny (1909) in the ray cells. To the writer it 
appears that the presence of sucrose sufficiently accounts 
for the pressures. Curiously enough, Fischer makes no 
mention of testing for this sugar by inversion, and Nicoloff 
in this respect followed faithfully in his steps. As already 
pointed out, sucrose is by far the most abundant of all 
the sugars in many woody stems. 

The researches of the earlier physiologists (Th. Hartig, 
Reichard, Schroder, N. J. C. Muller, Russow, Grehnitzky, 
Baraiietzky, and A. Fischer) upon the starch of the 
w’’ood and its transformations have been considered in 
detail bj^ Strasburger (1891). 

■ . , SiTMMAEY. 

1. Sugars (monosaccharides and disaccharides, or both) 
are found at all times in the sap in the trachese of the trees 
examined, and usually in greater quantities than elec- 
trolytes. 

2. The greatest concentration of the sugars occurs in 
the early s|)ring; this is followed by a rapid dilution in 
spring and early siimmer, so that a minimum occurs in the 
summer or autumn. A rise in concentration, slow at first, 
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then takes place through the winter, ciiiminating in the 
yernal maximum. 

^3. The vernal maximum coincides with the period of 
greatest root pressure, and is simultaneous with or Just 
prior to the opening of the leaf buds. 

4. The rise in transpiration, initiated by the expanding 
leaves and facilitated by the opening of the conducting 
channels by root pressure, is largely responsible for the 
dilution of the carbohydrates. The falling of! and cessa- 
tion of the transpiration stream in the autumn allows the 
concentration again to rise. 

5. The conveyance upwards of sugars, of which sucrose 
appears to be the most important, is a continual and 
primary function of the tracheae. 

6. The sheath of wood parenchyma round the vessels 
functions as a store from which sugars pass into the 
rising transpiration stream. 

, 7. The relation of the medullary rays to these sheaths 
supports the view that they convey the carbohydrates 
from the bark to the glandular sheaths. 

8. The presence of large quantities of soluble carbo- 
hydrates in the wood sap of roots is probably responsible 
for root pressure and bleeding, by producing an osmotic 
flow across the root cortex. 

9. The curves for the concentration of solutes in the 
stem of the evergreen Ilex, and of the sub-evergreen 
Cotoneaster, show smaller fluctuations than do those of 
deciduous trees; they have two cusps — one about January, 
and the other about August, in Ilex, and in February and 
October in Cotoneaster. It is to be noted that in the case 
of Ilex the buds expanded during the rise preceding each 
of these cusps. 

10. The concentration of the carbohydrates is generally 
greater in the tracheae of the stem than in those of the root 
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''except; diiring the summer. .. .This rule is 'broken by Ilex,*; 
where the concentration in the root is the greater through- 
out the year, except in winter. The electrolytes ^ however., 
are present as a rule in greater quantity in the root. 

11. In general the vessels function^ in times when \vater 
is abundant, to convey rapidly solutions of organic and 
inorganic substances to the leaves. The columns of 
tracheids may be supposed to afford a permanent channel 
for the water and salts, and to a less degree for the organic 
substances. This is never put out of action, even in times 
of greatest drought. 

* The Ilex stem was examined at 1 metre above ground-level ; the 
other stems were cut across much higher up. 


CHAPTER XII 
THE PLANT OXIDASES 

In the last ten years the attention of physiologists has been 
largely directed to the study of respiration and oxidations 
which take place in living and dead ceils. 

Numerous researches have been directed to the un- 
ravelling of the complicated interrelations of the mechan- 
ism whereby the fundamental need of oxygen is supplied, 
and it has been shown that enz 3 ?'mes termed oxidases” 
are concerned in the utilization of this gas. 

It is -with some of the more recent results of the study 
of oxidases that this chapter is intended to deal The 
subject as it was known up to 1910 has been exhaustive!}^ 
treated of by Kastle (1910), also by Czapek (1910) and Clark 
(1910), to w^hose publications the author is much indebted.-'^ 

SECTION L-^THE NATURE OF PLANT OXIDASES, 

Enzymic Nature of Oxidases. 

On the whole, the substances wdiich effect oxidations in 
plants have the properties of enzymes, though their be- 
haviour is in some ways peculiar. The usual routine 

* I have followed the custom-of the American authors, and of Fowler 
(1911), Moore and Whitley (1909), in writing ‘‘oxidase’’ rather than 
oxydase,” to denote the enzyme that splits up a (per)oxide. The 
polling “ oxydase ” has been taken directly from the French, in which 
both ‘oxygen” and “oxydant” retain the letter “jr/' It seems an 
undesirable anomaly to spell “ peroxide ” with “ i ” and “ pcroxydase ” 

. with y, ’ as many do at present. 
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adopted in deciding whether a given reaction is eiiz3Tiiie 
or an ordinary chemical change is to boil the solution. If 
the reaction is no longer brought about, it may be pro- 
visionally concluded that it is enz37mic, its cessation being 
due to the destruction of a therm olabile substance. But 
enz^mies have two other very important characteristics: 
firstty, that a small quantity of the enzy^me brings about 
a relatively enormous transformation of the substrate; and, 
secondly, that the rate of this change is proportional to the 
amount of enzyme present (provided the substrate is in 
large excess), though the total amount transformed is 
independent of it if a sufficient time be allowed to elapse. 
It may be added that the enzymes are colloidal, and the 
reactions they bring about or catalyze are in some cases 
reversible, the point of equilibrium being usually very^ near 
that of complete change in one direction. Furthermore, 
their action is as a rule specific, one enzyme only acting on 
one substrate, or on one class of substrates, and may in 
many instances be inhibited entirely, or reduced in velocity 
by very minute quantities of paralyzors. 

Effect of Heat on Oxidases. 

Now, the oxidizing substances of plants are destroyed by 
heat, though in some cases peroxidases resist total inactiva- 
tion even when their aqueous solutions are boiled for short 
periods. Bach and Chodat (1903) have shown that with 
iaccase peroxidase the time required for complete destruc- 
tion by boiling depends upon the concentration of the 
enzyme. Thus a solution which necessitated boiling for 
eighteen minutes to effect inactivation was found to be 
quite inert after three minutes when diluted with twenty 
times its volume of water. Alcoholic solutions are, how- 
ever, inactivated by raising them to the temperature of 
boiling water. 
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It has been stated by Woods (1902) that the peroxidase 
from tobacco leaves may be formed afresh within two 
hours when a boiled solution is allowed to stand. This he 
attributes to the presence of thermostable zymogens, 
which yield a new supply of enzyme. It is remarkable that 
no other workers have as yet been able to find this zymogen, 
though organic catalysts of oxidation which are moderately 
thermostable have been shown to exist. 

Classificatiok of Oxidases. 

How far the oxidases are specific in their action seems 
to be in doubt, Five different oxidases at least have been 
described as occurring, or rather five different classes of 
oxidases — viz., laccases, t 3 /Tosinases, alcoholases, purine 
oxidases, and aldehydases. The laccases or phenolases act 
on many phenols, and are very widely distributed in plants. 
The tyrosinases act on tyrosin, or polypeptides from which j 
tyrosin can be split off, to produce a body which further | 
reacts with amino-acids, yielding dark-coloiired pigments 
termed melanins,’* as shown by Abderhalden and Gug- 
genheim (1907, 1908). An example of the alcoholases is 
furnished by the enzyme found in certain bacteria, which 
converts ethyl alcohol into acetic acid. The purine ; 
oxidases have been extracted so far from animal tissues 
only, and the existence of specific aldehydases is still 
h3niothetical. 

Researches in plant physiolog}?- deal almost entirely with 
the two classes of enzyme at the head of the list; there is 
at present no proof that the laccase or tyrosinase from one 
species is identical with that from another, though they 
may i3roduce certain colour reactions in common. The 
part played by inhibitors in bringing about apparent j 
specific action by oxidases will be treated of later on. 
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■ COMPONEFT PaBTS OF A COMPLETE' OxiDASE. ' V ' 

Before going farther a distinction most he made between 
the terms “ oxidase ’’ and/' peroxidase/' Originaily those 
tissues which could catalyze oxidatioo.s of natural chro- 
mogens , or of added ones, such as guaiacum resin, ben- 
zidine, a-naphthol, pyrogallol, or tyrosine, were said to 
contain an oxidase ; whilst those requiring the addition of 
a peroxide, such as hydrogen peroxide, or a spontaneously 
oxidized essential oil, in order to effect oxidations, w^ere 
described as containing a peroxidase. The view that an 
oxidase consisted of a peroxidase and a naturally occurring 
peroxide was forward by Kastle and Loevenhart 
(1901), and. has gained very general acceptance. Keebie 
and Armstrong (1912, 3) record that in certain flowers the 
organic peroxide accumulates during darkness, so that 
apparently the tissues contain oxidase at one time and 
peroxidase at another. It has been the author's experience 
also that the occurrence of peroxide, in a tissue which at 
times contains it, is extremely variable. Certain species 
of plants never have any peroxide normally, though even 
in some of them it is possible to induce the formation of 
small quantities by prolonged deprivation of light. At 
present it is usual to refer to the " direct " oxidase action, 
or to the " indirect," according as the addition of a per- 
oxide is not or is required to bring about oxidation. 
iStrietly speaking it would be more correct to refer to both 
as peroxidase actions, for the essential is that a peroxide 
is split up and oxygen deprived from it is transferred to an 
easily oxidizable substance. 

Throughout this book the term " oxidase " will be 
reserved as a general term, as it is undoubtedly both 
expressive and comprehensive. When dealing, however, 
with reactions involving laecase or tyrosinase, both of 
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wliicli have been 'shown , to consist of a 'peroxidase plus a 
peroxide, use will be nlade of the foilomng terioinology — 
viz., complete peroxidase system as equivalent to the 
eDZ 3 une plus peroxide, and incomplete peroxidase 
system ’’ or simply ‘‘ peroxidase ” to denote the enzyme. 

The addition of hydrogen peroxide has been mentioned 
above. That this substance is not identical with the 
naturally occurring peroxide is proved by the almost 
universal presence of catalase in plant tissues. This 
enz 3 ^me, for the existence of which as an individual there 
seems now to be quite sufficient evidence, splits up hjffirogen 
peroxide in such a way that the oxygen is liberputed in the 
molecular condition, as is shown by its inability to effect 
oxidation. When the peroxide is decomposed by platinum 
black, oxidations may result if suitable compounds are to 
hand. 

Composition and Pboperties of Lacoases or 
Phenolases. 

For a full account of the methods of preparation of 
accase, tyrosinase, and artificial oxidases, the reader is 
referred to the monographs bj^ Kastle (1910) and by Clark 
( 1910), and to Euler’s “ General Chemistry of the Enzymes.” 
The effects of small quantities of acids, alkalies, and man- 
ganese salts uj>on the activity of these enzymes is also 
considered there as well as the identity of Medicago-oxidase 
with a mixture of calcium salts of organic hydroxy acids, 
including glycollic, citric, malic, and mesoxalic. A short 
account will, however, be given of other features of 
interest in connection with these enzymes. 

As previously mentioned, laccase acts upon many 
phenols. It derives its name from its presence in the 
latex of the lac- tree, Bhus vermicife7^a, the white juice of 
which it converts into a smooth dark varnish or lacquer. 



THE PLAHT OXIDASES 


221 


as was originaiiy shown by Yoshida (1883), Without 
asserting the identity of laccase wdth the phenolases met 
with in other plants, it may be, stated that its action upon 
a number of reagents is qualitatively similar, hence there 
is no objection to the use of the term provisional^. 

It has been pointed out by Bertrand (1896) that the 
aromatic monophenols and monamines are not easily 
oxidized by laccase, but that substances which it readily 
attacks are all members of the benzene series containing 
hydroxyl or amino groups in the ortho or para positions. 

Towards both heat and alcohol laccase is more stable 
than is tyrosinase. Bertrand (1896, 2) was able to separate 
these two enzymes, which exist together in Bussula delica^ 
by precipitating a chloroform-water extract of the fungus, 
in which equal weights of tissue and w'ater had been 
employed, by the addition of one and a half times its 
volume of 95 per cent, alcohol. An aqueous extract of 
the precipitate obtained from the alcoholic solution w^as 
found to oxidize tyrosin, but had very little action on 
hydroquinone or pyrogalloL The filtrate, however, when 
concentrated at 50'', still gave the laccase reactions, but 
not those of t^^rosinase. 

As was mentioned before, the phenolase so widely dis- 
tributed in plant tissues is considered to consist of a 
peroxidase and an organic peroxide. A great number of 
experimentally ascertained facts can be satisfactorily ex- 
plained on this hyi^othesis. For instance, sap pressed 
from the leaves of Sambucus niger was found by the author 
(1913) to turn a dilute guaiacum solution blue when tested 
at once. On standing for two hours in diffuse light, this 
power w-as lost, but the addition of a few drops of a neutral 
four- volume solution of hydrogen peroxide resulted in the 
appearance of the blue colour on testing. Again, the fresh 
sap w^hen boiled for two minutes failed to restore the 
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activity of sap whicli had stood. Consequently both con- 
stituents of the oxidizing system must have been destroyed: 
by heat. Other experiments showed that the peroxide, 
is less stable than peroxidase towards heat. 

The Influemb of Light toon, the Amount' of Oxidase 
■IN 'Plant .Tissues consideeed in Relation to the- 
Composition of the Enzyme. 

The effect of light upon the oxidase content of plants has 
been studied by Keeble and Armstrong (1912, 3). By 
means of the laccase reagents, a-naphtliol and benzidine, 
they satisfied themselves that the tissue of a normally 
illuminated plant contains less peroxidase than does the 
corresponding tissue of a plant kept in darkness ; also that 
^ the organic perO'Xide constituent of the complete oxidase, 
though it may be absent from the normal plant, frequently 
j^makes: its, 'appearance. after that plant, has,, been 'maintained.. ^ 
; for some time , in ■ darkness. Thus it is clear that the 
diurnal alternations of light and darkness must in this 
respect alone have a very marked influence u|)on the 
metabolism of plants. 

While engaged in testing the influence of light wpon the 
distribution of peroxidase in the flowers of Iris spp., in the 
course of an investigation upon the correlation of enzyme 
and anthooyan pigment, the author (1915, 1) found that 
Iris flowers never contain organic jieroxide normally, and, 
owing most probably to the presence of an inhibitor, 
nmny varieties show but little peroxidase. Some species 
show a marked increase of oxidizing power when placed 
in the dark for twenty-four hours, and indeed, prolonged 
darkness leads to the appearance of peroxidase in flowers 
from which it had been absent. In a fe^w cases, howe%^er, 
deeply pigmented Irises gave no peroxidase action either 
before or after enclosure in a dark chamber, even when the 
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;:,'treatiiieBt was, prolonged' for' four days.., " x4gaiiij,,coiitrary,: 
to the experience of Keebie and Armstrong, with other 
flowers, in two cases only was organic peroxide formed in 
:.::darkness. 

Thus, since the occurrence of the peroxide constituent 
of the oxidizing system is so variable, being influenced by 
external conditions, Keebie and Armstrong regard it of 
relative unimportance so far as the distribution of oxidases 
is concerned, whether a tissue is or is not found to contain 
the complete peroxidase system* This opinion seems to 
the writer to be fully justified. 

For a discussion of Traube’s (1882) theory of oxidation 
by means of peroxides, and its modifications by Bach 
(1897), Engler (1904), and others, reference should be made 
to the monographs and textbook previously named. The 
very interesting monograph by Dakin on “ Oxidations 
and Deductions in the Animal Body ” should also be 
consulted. 

Chemical Composition op Laccase. 

The chemical constitution of laccase is not known, for, 
as is the case with many enzymes, its purification is very 
difficult. A pure specimen prepared by Slowtzofl (1900) 
gave ail the reactions for protein, and contained 12*8 per 
cent, nitrogen, 0*53 per cent, sulphur, and but little ash. 
Neither manganese nor phosphorus could be detected in 
it. Siowtzofl considers it to belong to the grouii of albu- 
mins. Its activity is greatest in faintly alkaline solutions, 
but is not destroyed by weak acids or by peptic or pancreatic . 
digestion. It must be pointed out, however, that it is 
only to the negative results of such analyses that much 
attention should be given; thus, for instance, manganese 
was not found in the ash, therefore this metal cannot be 
an essential constituent of the enzyme. Again, it cannot 
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be a proteid, since neitber peptic nor tryptic digestion: 
destroys it* Numerous pure preparations of peroxidase 
have been made since Slowtzolf’s, but without any definite 
conclusion having been drawn. Among these were those 
of Bach and Chodat (1903), Tscliircli and Stevens (1905), 
Bach (1908), Bach and Tsclierniack (1908), Deieano (1909), 
Euler and Bolen (1909). The last-named investigators 
found that the longer their peroxidase from horse-i^adish 
was dialyzed, the more active it became, and that its 
nitrogen content increased, whereas the ash decreased. 
Bach and Chodat also used horse-radish as the source of 
their peroxidase. In its purest form this was an amor- 
phous brownish substance. It contains nitrogen and 
reducing substances which are not sugars, but gives none 
! of the reactions of protein. On heating with caustic soda 
ammonia is evolved, also substances having the odour of 
pyridin bases. Both ammonia and pyrrol are given off 
when it is heated with metallic potassium. It leaves but 
little ash, which consists of phosphates of calcium, mag- 
nesium, sodium, and potassium. Iron and manganese are 
absent from it. 

Composition and Peopeeties oe Tyrosinase. 

The enzyme tyrosinase occurs in many fungi and in 
some of the flowering plants. Its action is not sj^ecific for 
tyrosin alone, but includes the oxidation of many related 
substances. It is diflerentiated from laccase by the type of 
substrate upon v/hich it acts, as well as by its greater 
susceptibility to destruction by heat, alcohol, acids, and 
alkalies. 

Abderhalden and Guggenheim (1907) showed that 
hydrochloric acid entirely stops the action of tyrosinase, 
but the same concentration of sodium hydroxide exerts 
only a retarding influence. Since neutralization fails to 
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■;:v::Testore fclie formeiv activity 'of the enzyme,:.it, is clear ■ that 
it has been destroyed by the reagent , and not merely 
inactivated. 

As a general rule, tyrosinase is found wiiorevfa* kcease 
is, but the converse of tliis is not true. 

Bertrand and Mutennilch (1907) prepared it from bran 
by preei])itation of an aqueous extract with alcohol in 
certain jU’oportions. The substance so obtained was free 
from, laccase. It is soluble in waiter, and may be filtered 
through a Chainberiand filter to yield a clear solution 
which does not darlven wdien exposed to the air. The 
addition 0 . 1 ; tyrosin results in the production of a rose 
colour, altering to red and then brownish -black. 

It was ascertained b,y Bach (1908, 1) that tvTOsinase, 
like laccase, consists of a peroxidase and a peroxide. For 
whereas the addition of hydrogen peroxide to an active 
solution prepared from sound fungal tissue did not increase 
its activity, yet when a decomposing tissue wslb the source 
of enzyme, and the twosinase action was not vigorous, a 
marked increase resulted from the addition of a little very 
dilute hydrogen peroxide. That the naturalljv occuiTlng 
peroxide can thus be replaced shows that the specific action 
of the enzyme is due to the peroxidase. 

In order to illustrate the effect of added hydrogen 
peroxide just mentioned, it may not be amiss to quote the 
figures obtained by Bach in his experiment. Aqueous 
extracts of tyrosinase were made from young unblemished, 
older slightty damaged, and from putrid specimens of 
Russula delica. These are solutions I., II., and III., 
respectively- Of each extract, diluted ten times with 
water, 10 c.c. was taken and mixed with Kic.c. of a solu- 
tion containing 0*05 per cent, tyrosin and 0*04 per cent, 
sodium carbonate. To this ,30 c.c. of water was added, 
and after ' Standing for twenty-four hours it wa>B titrated 
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.with 0*002 ISr 'potassium permanganate in presence' of 
diiiite sulphuric acid till completely colourless. 

The results are recorded in the table which follows. 
In the lower row of permanganate numbers are the figures 
obtained after the addition of 1 c.c. of 0*05 per cent, 
hydrogen peroxide solution to each tube at the same time 
as tiie tyrosin was poured in. 


TABLE LVI. 

Effect of Addition of Hydroosn Peroxide. 


X/, , 

Number of Extract, 


'l; ^ 

11. 


Appearance before titration 

Deep black; 
black sedi- 
ment 

Violct-black 

Dark brown 

Permanganate required 
Permanganate required after ; 
; addition of hydrogen per- i 

37-8 c.c. ; 

13*0 c.c. 

8*3';C.C.v 


37-3 „ 

'26*7" „,'V 

23*2 „ 


It may be remarked that the amount of hydrogen peroxide 
added is ail, or almost all, used up in the reaction with the 
enisyme; consequently, as, indeed, is shown by Column I,, 
the increase in permanganate required is not due to inter- 
action of the latter with peroxide. 

Further evidence of the complex nature of tyrosinase 
was obtained by Bach (1908, 1), for on shaking a solution 
of the enzyme with magnesium carbonate, it was without 
action on tyrosin till after the addition of peroxide. Thus 
treatment with the carbonate must have removed the 
peroxide constituent of the oxidizing system. 

It is still uncertain, however, whether the action of 
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:vv,%rosiiia.se similar to 'that.; 'of' other, oxidas'es. " Back 
>;j:( 1,909).,. has .suggested that.it. may be quite' .differrmt,,. ' aiid 
have effect only on substances which contain a labile atom 
v-of; .hydrogen;,'' 

Iin'hibitoes or Paralyzoks or Oxidase Action. 

It has already been mentioned that many substances 
lessen or stop the activity of oxidases, a-s, for example, tlie 
majority of acids when in anything more than a very dilute 
condition. Such a result may be due to a reversible pro- 
cess, the original activity being restored by removal of the 
harmful substance, or it may be occasioned by the com- 
plete destruction of the peroxidase, peroxide, or of both. 
If only the peroxide is put out of action, it can easily be 
replaced by hydrogen peroxide, and so the presence of the 
uninjured peroxidase may be detected. 

In the living cell, however, the activity of oxidases is 
regulated and co-ordinated with the functions of the proto- 
plasm in general. This is, in some cases at least, brought 
about bjT- the production of inhibitors. The nature and 
mode of action of these substances is not fully understood 
at present, but it has been shown by Keeble and Armstrong 
(1912, 3) that the effect of the inhibitor is to paralyze the 
peroxidase, for when it is removed by suitable means the 
enzyme resumes its activit3^ Thus treatment of certain 
white flowers, which showed no oxidase reactions in the 
epidermis, with 0-4 per cent, hydrogen cyanide for twent}^- 
fouT hours, followed by thorough washing with water, 
resulted in the benzidine being acted upon strongly in the 
epidermis after the addition of peroxide. These workers 
also found that a saturated solution of carbon dioxide 
served to remove inhibitor, but was not so effective. 

It has been stated above that the peroxidase is paralyzed 
by the inhibitor. It is, however, quite possible that its 
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action may proceed as before, and tliat the inhibitor itself 
may be oxidized instead of the natural or artificial cliro- 
mogen. It was found by the author (19.14, i) that the 
tissues of the leaf of Iris germanica contain certain areas 
which fail to giv^e indications of the presence of ])eroxidases 
Wiien the whole leaf is pressed, the sap gives no blue 
colour with giiaiacimi and ireroxide, but sap from the tip 
of the leaf gives the reaction. Thus the loiver portion of 
the leaf contains an inhibitor, especially in the niesopliyJl 
cells, as shown by examination of sections treated Vvitli 
benzidine and a-naphthol. The leaf sap has a powerful 
reducing action, for potassium permanganate solutions 
are rapidly decolorized by it even in the cold. This 
is still effected with cold sap, previously boiled, so is 
not due to a reducing enzyme. Furthermore, a small 
quantity of the leaf sap quickly renders the purple sap of 
the petals colourless, and the addition of hj-’-drogen per- 
oxide does not restore the colour. This is not remarkable, 
as the peroxide itseff decolorizes the anthocyan of the 
flower, due, it seems, to the reducing action which it so 
often exhibits in presence of an easily reducible substance.. 

That this action of Iris leaf sa 2 > is a reducing one is 
made still further clear by the fact that, not only does it 
prevent the production of guaiaeum blue when added to 
leaf sap of Hedera helix, but it destroys the blue when the 
reaction has been brought about before its addition. 
When, however, Hedera sap is added to Iris sap and 
guaiaciim, it is found that, after a certain quantity has 
been poured in, the further addition of hydrogen peroxide 
causes the blue colour to apiDear. Previous to the 
addition of Iris sap, the Hedera sap was capable of giving 
the reaction directly, without the added peroxide. Hence 
its supply of organic peroxide must have been used up by 
the reducing agent of Iris. 


THE ;pLANT' OXIDASES: 


2211 


; , SepAEATIOX , OF Ekzyme and. Inhibitoe. , 

Dialysis of the Iris leaf sap 1913) in presence of 
toiueiic was found to remove the reducing agent, f«) 3 ‘ aftta* 
several days it gave the peroxidase reaction with guaiaciinn 
The catalase reaction was also brought about by the dia- 
lyzed sap. As dialysis proceeded, the effect of the sap 
upon the purple coloaring matter of the petals was tried 
daily. That -which afforded the peroxidase reaction with 
giiaiaciiin was found to have altogether lost the power of 
decolorizing the petal extract. Decoiorizatiou was, how- 
ever, effected by the complete peroxidase system of 
Hedera leaf. So it appears that either reduction or 
further oxidation converts the purple pigment into a 
colourless substance, but the possibility is not excluded 
that the Hedera peroxidase system obtains oxygen at the 
ex|)ense of the antiioc 3 ?-an. 

The separation of peroxidase and inhibitor can most 
rapidly be carried out by pouring the leaf sap into strong 
alcohol, when the enzymes are precipitated. After wash- 
ing with spirit, they may be dissolved in water, and the 
peroxidase then gives a blue with guaiacum and per- 
oxide, the colour being destroyed by addition of the 
filtrate. 

An inhibitor was also removed by dialysis from tlie sap 
of mature leaves of Aspidium ftUx-mas. 

These reducing agents are active in aqueous solution, 
and accordingly are not similar to those studied by Keeble, 
Armstrong, and Jones (1913), which become most active 
in alcoholic solution, and are thought by those authors 
to be concerned in the destruction of anthocyan pigments 
wfieii flowers containing them are immersed in alcohol. 
Wheldale (1914, I) and Tswett (1914), while not demdng 
the presence of reducing substances, do not think this 
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;r';T 6 i 0 ^;can;be ;ass%^ them. This point will be discussed 
later on. 

Agaiiij it is well known that certain tannins act as 
: inhibitors ■ of . oxidase ^ actio ii. Thus it was found , by , the^^ 
author that sap from the young red leaves of VUis Veilclm 
shows the direct reaction with gTiaiaciim, whereas saji of 
the more mature green leaves, which contain tannin, give 
no reaction. Fui*thermore, ' Aso, (1890) succeeded in : 

: separating oxidases 'Trom' ' tannin by precipitating thein;;: 
with alcohol. It is also possible that the failure of extracts 
of the Fucacese to show oxidase reactions may be con- 
nected with the presence in them of fucosan, wdiich has 
recently been shown by Kylin (1913) to be a tamiin-Iike 
substance. These ^ extracts are efiicient reducing agents, 
as the 3 ^ almost decolorize dilute meth^dene blue and the 
guaiaciim blue produced hj leaf sap of Hedera. All the 
author’s attempts to obtain an active oxidase from these 
alga dialysis or precipitation were quite unsuccessful. 

■".'v-'''';. ',;Mobe-:''OP' Action' ^.of,:Inhibitoes.: :A;, 

Enough has been said to demonstrate the presence of 
reducing agents which act as inhibitors. All reducing 
agents are, of course, bodies which are themselves very 
prone to oxidation. In fact, it is possible to arrange such 
unstable substances in a scale, in ^vhiGh each would 3 deld 
oxygen to the one above it and take it from the one belov/ 
it. this transmission of oxygen from one compound 
to another considerable changes may take place in a ceil 
without any absorption of gaseous oxygen, as Bunzei 
(1912) has pointed out. Whether naturally occurring in- 
hibitors actually , do lessen oxidase activity has not yet 
been completely investigated. Measurements with Bun- 
zel’s apparatus w:ould seem the most likety ^YSby in which 
to obtain decisive evidence. At present there appears to 
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be some ground for the view that inhibitors are very 
easily oxidizabie substances occurring in cells in which 
there is a phi’siological lack of oxygen. It must l)e acb 
mittedj howeverj that it is difficult to reconcile such a 
theory with their presence in the petals of tiowers, such 
as dominant white varieties of Primula sinensis, where 
their function has been siijiposed to be to sup])ress the 
formation of anthocyan. In this connection, Molisch 
(1914) lias shown that the heat evolution of the leaves of 
manj^ species of plants is very considerable, but that of 
the thalliis of Fuciis is relatively small. Since, with the 
exception of traces in the mucilage, oxidases have not been 
found in this plant, it appears that there 'may be such a 
thing as inhibition amounting to the slowing down of 
oxidation changes to a very marked extent. As the evidence 
is incomplete and conflicting, it W’ould be unwise to attempt 
to form any conclusion at the j)resent. 

With regard to the chemical nature of the inhibitors 
there is no very definite information. Kastle and Loeven- 
hart (1901) studied the effect of a number of substances 
in inhibiting or destroying the activity of laccase from 
the potato. The list includes hydrogen cyanide, xohenyl 
hydrazine, hydroxylamine, sodium thiosulphate, and deci- 
normal solutions of certain acids. Weak acids, such as 
carbonic, boric, and phosphoric, have been shown by 
Bertrand to be inactive at all concentrations. The action 
of the strong acids and other inhibitors in the same list 
is probably in a large measure due to their effect ux^on 
the oxidases merely on account of the colloidal condition 
of the latter, for their chemical nature is extremely 
varied. They give no clue to the x)ossihle constitution 
of the naturally occurring inhibitors. The action of 
hydrogen C3"anide in removing the inhibitor of petals 
might be considered as pointing to the aldehydio stnic- 
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ilire of the latter, which would be cliauged cyaji- 
iiydriii formation. But this leaves the action of carbonic 
acid quite unexplained. Also on one occasion it wa-s 
found tiiat >such an inhibitor appeared to liavc^ been partly 
removed by keeping Iris liowers in v/ater saturatexl with 
toiuene for about a day. Since toluene, h 3 ’drogen cyanide, 
and carbon dioxide, all render protoplasm permeable 
vitboiit precipitating colloids, as does treatment Vvitli 
alcohol, it is likely that such apparent destruction of 
inhibitor is realty due to its elimination by diffusion. 
Further experiments on this point are desirable. It may 
be added that the artificial ripening of persimmons sub- 
jected to high pressures of carbon dioxide has recently 
been studied by Lloyd (1911), and may be cited as an 
exam23le of the effect of this gas in rendering the proto- 
plasm more permeable, so that enzymes and their sub- 
strates can come into contact readily. [See note, p. 302.] 


SECTION 1L--DISTEIBUT10N OF OXIDASES IN PLANT 
FAMILIES. 

Plants with Complete and Incomplete Peeoxidase 
Systems. 

Thera is considerable evidence for the belief that oxi- 
dases are present in every vegetable cell, though their 
amount and degree of activity varies greatly. 

Their detection may be effected in many case>s by simply 
bruising or cutting the tissue, which is then seen to darken, 
owing to the action of the enzyme upon a naturally occur- 
ling ehromogen. The . correctness of this explanation is 
sho wn by the failure of boiled tissues, to darken, and by the 
fact that, in those which darken naturally, oxidation of 
added artificial ehromogens is also brought about. The 
darkening of the sap pressed from some plants is very 
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remarkaWe, that of the sunflower {HeManlhus 
bocomjiig a verj- intense dark brown within a few nsitmfes 
Among other saps which, in the author’s (ifiir;) exm liun e. 
darkeii rapidij'- be mentioned thoso ft'ra,: iiu' leaves 
of Eedem helix, Syringa vulgaris, Mugnolm aeauumia, 
(■alalpa bignonioides, Fraxiniis oxyphylla, and F. e.^:Hri(>y. 

A gic<xt inajiy plants, however, give a liglit-eolouretl sa;p 
uliicli dees not darken on standing. !u {ids me 

lucluded \V islarm sinensis, Eucahyplus globuhis, ('hamai\>ys 
humths, Cordyline australis, Eqaiselum iehnaleia. These al;-o 
fail to colour the artificial chromogens till after the addition 
01 hydrogen peroxide, or of an old sample of an essential oil, 

^ such as turpentine, in which peroxide formation has taken 
place. In this class the organic peroxide constituent of tlie ■ 
peroxidase system may be supposed to be lacking. " 

I*I'ANTS CONTAIHING INHIBITORS. 

Yet again in a third group of plants no peroxidase can 
be detected in the sap even after the addition of peroxide, 
ihis includes the leaf saps of Iris germmiicM, Aspidium 
JiUx-nuts, and Pteria aquilina. Only the mature leaves 
of the last-named behave in this manner, for the young ones 
give tno indirect action. In ail these cases, howover, it 
has been found possible to demonstrate the jiresonce of 
peroxidases bj'' dialysis of the sap, from wiiicli an inhibitor 
diffuses out, or by precipitation of the enzyme with alcohol, 
as described in a previous section. [See note, p . 250 .] 

OR EheNOLAHES:{AnP{ YyrOSISASESx^^ 

, The presence of oxidases of:the pbenolaso (laccase) t3'pe 
has been demonstrated in every land plant thoroughly 
examined; certain tissues may fail to give the usual tests, 
owing to inhibitors having been- produced, or possibly a 
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whole plant may be under their influence. Bourqiieiot 
and Bertrand (1895, 1896), Zeilner (1907), Pringsheim 
(1909), Ivastie (1906), and others, have sliowii that pheno- 
lases are of almost universal occurrence in fungi, whereas 
the distribution of tyrosinases is not so general. Clark 
(1910) tested a large number of groups of phanerogams 
and pteridoph^des, and has found phcnolases to be of 
very general occurrence, the peroxidase without peroxide 
being most frequently encountered. The absence of 
oxidase in certain acid saps was noted. Moore and Whitley 
(1909) had previously drawn attention to the fact that the 
pulp of lemons, limes, and oranges, was free from oxidase, 
though it occurs in the seeds. It has recentty been shown 
by Eeed (1914) that peroxidase can be located in the tissue 
between the compartments of the fruit of the orange 
means of mierochemical reagents. 

Passerini (1899), too, studied the distribution of oxidase, 
but restricted his investigation to determining the presence 
,, of organic peroxide. The complete system wrs found in 
eighty-one species from forty-nine families. This wide- 
. spread occurrence of oxidases is demanded Palladin’s 
theory of the. respiration of plants, and there seems no 
reason to doubt that they occur, in various degrees of 
activity, in every living cell. Owing to the possibility of 
treatment with reagents liberating inhibitors from vacuoles 
or specialized regions of the protoplasm, negative re>sults 
must always be regarded as an incentive to further research 
in the direction of effecting a separation of inhibitor and 
oxidase. 

In this comieetion the behaviour of the marine algae 
alluded to in a former section urgently calls for further 
investigation. It was found by the writer (1914, 2) that, 
out of twenty-nine members of the Chlorophycese, Plia 30 - 
phyce^, and Rhodophyceae examined, only Furcellaria 


fastigiata gave the direct reaction, strongly with giiaiaciim 
and benzidine,, and^ feebly with. a-naplithoL Delesseria 
sanguinea also acted on all, 'three reagents, but only after 
the addition of peroxide. Of the others, only Laminaria 
saccharina and L, digiiata gave a well-marked blue colour 
with guaiacum, upon the addition of peroxide, while slight 
reactions w^ere given by Gysloclonium 'purjoumscem, 
Gracilaria confervoides, and Polysvplionia fasiigiala. All, 
however, oxidized benzidine in presence of peroxide. 
It is as yet uncertain whether this is in every instance due 
to an enzyme, and it is especialty produced in the walls 
and mucilage — for example, in the walls and cells of 
8]pliacelaria cirrhosa, and in the mucilage coimecting the 
cells of the diatoms Tabellaria and Pimiularia epiphytic 
on Sphacellaria. In Uiva it was found that the blue 
oxidation product of benzidine appeared in cell walls of 
the decolorized thallus quite as rapidly in boiled as in 
unboiled tissue. 

The presence of an inhibitor in these algse has already 
been mentioned. Segers-Laureys (1914) too found a per- 
oxidase in the mucilage of various brown algse. Duggar 
and Davis (1914) also carried out an investigation as to 
the absence of oxidizing enzymes in the cells of Fucus 
vesiculosus. [See note, p. 250.] 

Oxidase Reagents and theie Limitations. 

In the course of this chapter, mention has been made 
of the use of certain reagents for the detection of oxi; 
dases. These are usually dissolved in alcohol, and the 
solution is then diluted with water to such an extent that 
the solute, present only in small quantities, is still held 
in solution. This dilution is usually accomplished just 
before applying the reagent, as oxidation by dissolved 
oxygen takes place to a smaller extent in alcohol than in 
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waiei’. The retardation of oxidase action occasioned by 
strong aicolioi is weii known. 

A great number of siibsteinces have been u-sed thms for 
the rlbtection of oxidases macroscopically and microscopic- 
ally. For the latter purpose tliose wiiieli easily penetrate 
tissues and giv^e crystalline oxidation ])roduets, such as 
]>enzidine, are as a rule to be preferred to compounds, sucii 
as guaiacum resin, which do not iliffuse readily. But as 
the behaviour of tissues tow^ards differeiit reagents fre- 
quentl)^ presents one with a series of reactions of varying* 
intensity, it is advisable to employ several of them in eaeli 
investigation. 

A list of about forty oxidase reagents is given by Kastlo 
in his monograph. Of these, many have h-een but little 
used, on account of their too great suscei)tibility to oxida- 
tion by atmospheric oxygen, which renders it hard to 
decide whether the colour produced in any tissue is really 
due to enz^niie action. Thus, according as the reagent 
employed by an investigator is relatively stable or un- 
stable, so vAil the number of tissues remaining colourless 
increase or decrease ; since it really is a question of whether 
the reducing action of the cell contents is suiSciently feeble 
to permit of the oxidation of the artiheiai ohromogen which 
has been added. [See note, p. 302.] 

For example, when examining the tissues of Mosa mgosa, 
the writer (1913) found that the petals of white flowers 
contained tannin, and fail to react -with rt-naplithol. A 
very faint darkening of benzidine is, however, produced 
in the veins, whilst jp-phenylenediamine blackens the 
veins and causes a slight general discoloration. The above 
changes only take place after the addition of a few^ drops 
of very dilute hydrogen peroxide. Eed petals, on the 
contrary, are free from taimin, and when decolorized in 
alcohol give a faint reaction in the veins with a-napiithoi 
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aM, peroxide.; "Benzidine 'alone renders the .petal, sligktlj^ 
brown and darkens the veins; whilst. p-phenyierie€ilainiiic3 
gives a brown, changing to dark green, the distribiition 
being the same as is that of the benzidine renctiofi. TIsesrv 
experiments illustrate the graded action of the inhibitor 
tannin upon the different reagents, and also, as some 
think, upon the production of red antiiocyanin, if it be 
assumed that its cliromogen is present. The coloured 
flowers contain a complete peroxidase system, but in them, 
too, the actions on the reagents differ in intensity. 

From among these numerous reagents, Keeble and iVrm- 
strong (1912, 1) selected a-naphthol and benzidine as being 
the most suitable for general use in microcliemical work. 
Other authors also have employed these, and, in addition, 
guaiacum for use with sections and tissue extracts. 

The above-mentioned reagents are only for the detection 
of phenolase, and for tyrosinase the best substrate is, 
according, to Bertrand and Bourqiielot (1896), undoubtedly 
tyrosin. For the detection of the latter enzyme, Chodat 
and Staub (1907) advocate the use of p-cresoi, with the 
addition of giycin or another amino-acid. The action is 
greatly increased in rapidity this group of acids, and 
results in the production of a violet colour, changing to 
blue with a reddish fluorescence. [See note, p. 250.] 

While it is necessar^^ to bear in mind the different degrees 
of sensitiveness of the various oxidase reagents, and t-lie 
very striking influence of inhibitors, it is nevertheless 
obvious that those cells which act strongly upon all the 
reagents emplo^^ed are certainly those in w^iieli oxidation 
processes are most active in the plant, and so their dis- 
tribution must be of physiological significance. 

Since histological studies on oxidases are so intimately 
connected with questions as to their physiological functions, 
an account of this branch will be deferred till a later section. 
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SECTION ni.-~~TEE QUANTITATIVE ESTIMATION OF 
OXIDASE. 

COLOBIMETBIG METHODS FOB PhENOLASES. 

The estimation of oxidases and of their rate of action 
presents many difficulties. The following colorimetric 
methods have been tried. Laborde (1898), and later on 
Brmin (1909) and Euler and Bolin (1909), used an alcoholic 
solution of guaiacum resin, which becomes blue on oxidation. 
Slowtzoff (1900) estimated lacoase by the rate of coloration 
of an aqueous solution of p-phenylenediamine and m-tolui- 
dene. The oxidation of phenolphthalin to phenolphthalein 
was followed by Kastle and Shedd (1901), the latter sub- 
stance giving an intense red upon the addition of a trace 
of alkali. Von Ozyhlarz and Von Eiirth (1907) made use 
of the leucobase of malachite green. By determining the 
extinction coefficient of the solution from time to time, 
the rate of the reaction was studied. None of these proved 
reliable or of general application, both because further 
oxidation of the coloured oxidation products of the chromo- 
gens results in the formation of colourless substances, and 
on account of the natural condition of the saj) pressed 
from plant tissues, which is rarely colourless or free from 
turbidity after filtration. 

VoLUMETBio Methods fob Phenolases. 

Estimations of an aldehydase were carried out by 
Medvedew (1897) by titrating the acid formed by the 
oxidation of salicylaldehyde. Bach (1904) introduced 
the method of titrating the iodine liberated by the oxida- 
tion of hydriodic acid, the latter being derived from 
’ potassium iodide and acetic acid. 
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Geavimeteig, Method oe- Chodat and Bach. 

Among. ..the .most.snccessful attempts' to examine quanti- 
tatively the action of oxidases of the iaccase class are those 
of Chodat and Bach (1904), who weighed the ptirpurogaliin 
formed under standard conditions from the interaction of 
pyrogallol and hydrogen peroxide in the presence of a 
peroxidase. 

The following table illustrates the precision of their 
determinations, as well as the effect of varying the quanti- 
ties of the substances which interact: 

TABLE LVII. 

Effect of Vabying Quantities of Enzyme, Peroxide and 
Pyrogallol. 

I. Pyrogailol, 1 gramme; hydrogen peroxide, 0*1 gramme; peroxidase, 
from 0*01 to 0*1 gramme in 50 o.c. 

Weight of peroxidase: 

O-Ol 0-02 0-03 0*04 0*05 0-06 0*07 0-08 

Weight of purpurogaliin formed; 

0-021 0*042 0*066 0*083 0*102 0*123 0*145 0*160 

II. Pyrogallol, 1 gramme ; peroxidase, 0*1 grancne; hydrogen peroxide, 
from 0*01 to 0*1 gramme. 

Weight of peroxide: 

0*01 0*02 0*03 0*04 0*05 0*06 0*07 0*08 

Weight of purpurogaliin formed: 

0*020 0*042 0*060 0*078 0*099 0*121 0*142 0*168 

III. Peroxidase, 0*1 gramme; hydrogen peroxide, 0*1 gramme: pyro- 
gallol, 1 to 4 gTainmes. 

Weight of pjTOgallol: 

1*0 1*5 2*0 3*0 4*0 

Weight of purpurogaliin formed: 

0*108 0*205 0*203 0*208 0*202 

The results obtained by Chodat and Bach make it clear 
that the weight of pyrogallol oxidized is proportional both 
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to the quantity of peroxidase and of peroxide. It is how- 

quantity of substrate, provided 

of s. W f e-’^ccss. Tile actual iveiglit 

tha louldl I raaxinnini amount 

that could bo oxidized in the time, ft seems probable that 

vhat IS needed i.s sufficient pyrogaJlol to keep the surface of 
ihe peroxidase saturated with it by adsorotion. 
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recentty Biinzel (1912) has perfected it, and introduced 
several necessary precautions previously omitted. 

Bunzei, too, finds that the amount of chemical change is 
directly proportional to the concentration of tiio (jxidase 
present, and concludes that the typical plant oxidase with 
which he worked “ is not an enzyme in the customary 
sense of the word, but rather a substance entering directly 
into the reaction, and being destroyed in the course of 
the same.” It must not, however, be forgotten that 
Bunzel is only measuring the organic peroxide present, 
assuming the correctness of this view of the nature of the 
complete oxidase. 

He proposes as a unit, to express the oxidase content 
of a plant juice, '' a solution of such a strength that 1 litre 
of it will be capable of bringing about the consumption 
by pyrogaiiol of the equivalent of 1 gramme of hydrogen — 
i.e., a unit of 8 grammes of oxygen.” Since it seems likely 
that much valiiahle knowledge will be gained from the 
systematic application of Bunzers method to problems of 
plant physiology, his apparatus will be described here. 

Eequirements and Limitations op I^Ianometbig 
Methods of esqtmating Oxygen. 

Since the rate of oxidase action is to be measured by 
the oxygen absorption, numerous precautions in estimating 
this gas by x^ressure changes must be observed. Of these 
Bunzel mentions the following: 

1. The temperature of the reacting substances must be 
maintained constant to within O-H, This limit is fixed, 
as a variation of corresj)onds to a jiressure alteration 
of 0*025 centimetre of mercury, which is the limit of 
accuracy of the manometer readings. In addition, con- 
stancy of temperature is desirable, on account of the largo 
temperature coefficient of the rate of chemical reactions. 
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2. Since, in ali oxidations effected at the expense of 
oxygen derived from the air, it is only the amount of the 
gas in solution which can take part, the necessity for main- 
taining this quantity constant is obvious. To insure this 
the following conditions must be observed: (a) The partial 
pressure of the gaseous oxygen in the reaction flask should 
be constant throughout any experiment, and the same in 
any series of experiments, (b) The reaction of the solution 
should be the same throughout the work, (c) The tem- 
perature within the flasks should always be the same. 
(d) The liquid should be kejit saturated with oxygen under 
the above conditions. 

3. The standard conditions should prevail before the 
reaction begins. This involves the complete saturation 
of the gases in the apparatus with water vapour. 

4. The change in i^ressure indicated should be entii’eiy 
due to oxygen absorption. To secure this, ail carbon 
dioxide |>roduced must be removed as fast as it is formed. 

o. The carbon dioxide formed should be measured, to 
serve as a check ujion the oxygen absorbed. 

6. The rate of oxidation should always be observed. 
If the reaction is completed in a few hours, or even in a 
few days, the total quantity of oxygen absorbed should be 
measured. 

Ail manometric methods in which the contents of living 
cells are concerned are of necessity liable to the error that 
part of the oxygen required may be derived, not from the 
air at all, but from easily reducible substances in the solu- 
tion. Supplies from this source do nob occasion any change 
in oxygen pressure, and so escape measurement. 

The possibility of the injury of the enziune b}^ shaking 
must also be borne in mind, as this is known to cause sonic 
enzymes to become less active. This point was investigated 
specially. 


Me . ■PLANl'. OXIDASES 


:24e 


Bdhzel s - Oxidase , Apparatus. ' 

descriptions of the electricaily heated 

SonM f apparatus used, reference 

-Olid he made to the original papers. Since the principle 

ctiottr ^- 

^uamted with the oxygen absorption flask, it is figured 



he volume of the interior of the apparatus is about 
loO C.C., and in the latest form is divided into three com- 
partments, A, B, C, by the grooves D and E. The earlier 
apparatus had only two compartments, but the risk of 
accidental and premature mixing of the liquids is mini- 
mized by the extra division. Opening into A is a burette. 
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P, Hsed for the delivery of the plant sap to be investi- 
gated. A stopcock, I, iscomiects the two. G is another 
burette used for 1 per cent. pjYogallol solution. By open- 
ing the cock M this is allowed to 


flow into C, through L. 


Ina. 25. Airtight Titeatioh Vessel for Use with Buezel’s 
Oxidase Apparatus. 

The basket H contains 1 c.e. normal sodium hydroxide 
solution, and is susjiended from K, the ground-glass stoiipe) 
which carries the burette. The edges of H are bent in- 
wards to prevent splashing out of its alkaline contents, 
and it is suspended at a sufficient height above 0 


to insure 


OXIBASES- 




alkaline ^ 

The amarat^ Pyrogallol rapidly absorb oxygen, 

mav be rf completed by the manometer 0, which 

be disconnected by the stopcock AT 

'“g t'he contents of the basket H at the end of 

JotnXSrtt: f «H is removed, and tlm 

stopper%l nfi ^ IV into a large-bore rubber 

R servi to ^ ""’^ber bung. The stopper 

hottoTv, i: a flask, s, shown in Fig. 25. In the 

all cirb ° of sodium hydroxide to remove 

with dilute in it. A burette, T, filled 

ap!rtme rS " ground-glass 

H Thp nr SO as to be placed above 

»t Jt '' “ ‘'P* -“W- '>y • p'm of 

a^TEBIALS USED IN BpNZBL’s OsIDASB ESTIMATION^, 
a source of oxidaKse, Bunzel employed the iuiee 
pressed from potatoes through a piece of silk cloth. Fresh 

were peir' i^^bers 

were peeled, and passed through a meat-chopper. In 

tre^idlT^T similarly 

on through paper. It may be remarked that such treat- 
ment would yield sap of a truly comparable nature from 

case £“T’ 'T obtained would in no 

_.e be absolute, nor would the results from different 
^..uas have any accurate comparative value. Reparation 
of the sap after treatment with liquid air would entirely 
do away with tins source of error. 

PyrogalJol was used as the substance to be oxidized for 
several reasons. It is obtainable in a high degree of 

nearly neutral. Again, the best of the known existing 



Mb SOME EECENT BESEAEGHES IK PLANT PHYSIOLOGY , 

methods for the measurement of peroxidases was also based 
upon the oxidation of pyrogaliol in presence of hydrogen 
peroxide. 

The most important reason of ail is considered by 
Bimzel to be that the action of the oxidase upon pyro- 
galloi can be assumed, on the analogy of the behaviour of 
other enzymes, to be purely catalytic; for p 5 ^rogalioi is 
slowly oxidized in presence of atmospheric oxygen, with 
the production of colours passing from yellow through 
orange to deep red. Thus, the action is not initiated by 
the enzyme, but merely accelerated. 


The Method oe oabrying out Estimations with 
Bunzel’s Appabatus. 

The oxidase apparatus (Fig. 24) is placed in the ther- 
mostat, being clamiied to the shaking machine. At this 
stage 8 c.c. of 1 per cent, pyrogaliol and 2 c.c. of plant- 
juice have been run out from the pijiettes into the com- 
partments C and A respectively, while H contains 1 c.c. 
normal sodium hydroxide solution. Of the stopcocks, M 
is closed, but N and I remain open. The heating current 
is then switched on, and about half an hour suffices to 
reach the constant temperature and to ailoiv the air in the 
apparatus to become nearly saturated at that temperature. 
The thermostat is now opened sufficiently to permit of 
the stopcock I being closed. When this is done, shaking 
is begun at the rate of five complete excursions in 3*3 
seconds. Readings are taken at intervals of ten or twenty 
minutes, the shaking being interrupted for the purpose. 
After about two hours no further oxygen absorption takes 


As a check on the quantity of oxygen used up, the 
carbon dioxide produced is estimated by removing the 
piece GH, and placing it in position in the carbon dioxide- 
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free titration flask S. The contents of H arc tlieii iitratccl 
by running in sulphuric acid from T. As inuicatt)!* 
phenolphthaleiii, followed -by Congo-red, is used, and from 
the difference in their end points the carbon dioxide 
absorbed may be calculated. 

Since the voiimie of the apparatus, the temperature, and 
the initial and final pressures, are known, the actual -wniglit 
of oxygen used up can be calculated when desired. 

The most considerable source of error was found to be 
that occasioned by an initial rise of pressure on closing 
the stopcock and beginning to shake. This appears to be 
due to an incomplete state of saturation of the air in the 
flask.' It can be allowed for by blank experiments. 

The Effect of Vabiable Factors on the Total 
Oxygen Absobption. 

Before arriving at the quantities set forth previously, 
Bunzei tested directly the results nf using widely divergent' 
amounts of the reagents, and of otherwise altering the 
conditions. He ascertained the limits of concentration 
of the pyrogallol for accurate work to lie betv/een about 
0*25 and 10 per cent.. The age of the soitition was found 
to be immaterial. Absorption of oxygen ivas showm to be 
at least approximately proportional to the amount of 
oxidase solution used. ' The effects of altering the concen- 
tration of alkali, rate of shaking, and of small temperature 
variations, were also tested. ■ .Shaking of the potato-juice 
for fifteen to thirty minutes before the addition of the 
oxidizable substance reduces its, oxidizing powder to about 
half its original value, but when prolonged further little 
additional alteration can be detected. 
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^ Typical Estimation .BY. Btjnzel's :Method.. . 

As an iiiiistration of the method, the folloiving table may 
be quoted. It contains the results obtaijied with con- 
centrations of jjyrogallol vaiying from 2*5 to iO per cent. 
This range was extended in another table. The numbers 
at the top of the columns refer to the various flasks, which 
differed somewhat in voiiiine. 

TABLE LVIII. 

Manoimbteb Readings expressed in Oentimetbes of Mebctjby 
IN Apparatus. 


Tm>e hi 
Minutes. 

Temp, 

No, 1. 

No. 4. 

No. 5, 

No. 7. 

No. 11. 

iYo, 12. 

0 . . 

36-4° 

0*00 

0*00 

0*00 

0*00 

0*00 

0-00 

15 . . 

36-4° 

0*50 

0*60 

0*52 

0*55 

0*70 

0-05 

30 .. 

36*4® 

0*62 

0*80 

0*90 

0*80 

1*00 

1*06 

45 . . 

30*4° 

0*85 

0*95 

0-9S 

0*80 

1*20 

1*10 

lOo . . 

36*4® 

1*25 

1*40 

1*32 

1*60 

1*70 

1*30 

120 . . 

36-4® 

1*40 

1*60 

1*40 

1-60 

2*20 

1*40 

135 . . 

36*5® 

1*50 

1*58 

1*45 

1-05 ' 

3*20 

1*50 

150 .. .. 1 

36*4° 

1*58 

1*80 

, 1-60 

1*80 

. . :|e ■ 

1*60 

165 

Final readings ; 

36*5® 

1*70 1 

1 

1*80 

! 1*70 .' 

' ■■ ■ 

1*80 

. , 

1*60 

corrected to j 
a volume of i 
150 c.e, . , 


I 

■P62- 1 

1*83 

. ■■ ,'1 

! 1-72 I 

1*87 


1*42 

Pyrogallol per 




i 



cent. , . 

i 

'' i 

10 ' 

1 

5 j, 

1 

5 

V " 

2*5 

2*5 


* Pyrogallol solution splashed into bulb. 


Biinzel applied his method to the examination of oxidase 
content in pathological conditions of beet learms. This 
subject will be discussed later. 
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Oxidation by Catalysts of Inoeg-anic Oeioin. 

Since the foregoing chapter was YTitten, a lengthy 
paper by Ewart (1914) lias appeared, in which the action 
of oxidases is compared- with that of inorganic catalysts. 
Ewart emiiha.sizes the importance of the action of other 
salts upon the activity of such oxidizing systems. These 
may act as mhihitors or sensitizers. He also believes that 
'' there is no justification for the nse of such terms as 
^ jieroxidase/ katalase/ ‘ ocnoxydase/ or ‘ t^TOsinase/ to 
indicate specific substances, ferments, or groups of fer- 
ments. The ' tyrosinase ’ of the potato is also a ' kata- 
iase,’ a peroxidase,’ a ‘ pyrogallase,’ a ‘ hydroquinonase,’ 
and a ‘ paraphenylendiaminase.’ It is, however, per- 
missible to use such terms as ‘ katalase action ’ or ^ per- 
oxidase action,’ and such names as " laccase,’ " russulase,’ 

^ potatase,’ ^ carrotase,’ etc,, as temporary names to 
indicate the origin of the substances whose chemical 
nature is jet unknown. Comparison with metallic oxidases 
shows that we are not even on safe ground in assuming 
the existence of specifically distinct classes of plant oxi- 
dases, such as phenolases, aminoxidases, and iodoxidases,” 

With much of the above sweeping criticism of previous 
•work the jiresent wTiter is in disagreement. Moreover, it 
a|)pears to him that a number of Ewart’s observations are 
open to other interpretations. 

The action of oxidizing salts upon guaiaciim resin and 
other oxidase reagents has formed the subject of a large 
number of papers, and, in addition to a few mentioned by 
Ewart, the following may be noticed: Bourquelot and 
Bougault (1897), Breteau (1898), Wolff (1908), Ciishnj 
(1908), and Alsberg (1908), as well as Kastle’s (1910) 
monograph. The extraordinary sensitiveness of guaiacum 
to the presence of copper is such that the water distilled 
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from copper boilers can, as first pointed out by Bonrqiielot 
and Bouganit, be readily distinguished from tap-wator 
and from that distilled from glass. The writer (1914, 3) 
has suggested the use of this reaction as a test for copper 
to be used in water analysis, in the absence of certain other 
saits whose jpresence can readily be detected by the usual 
tests . In the presence of hydrogen peroxide under standard 
conditions, 1 part of copper can be found when present 
in 100,000,000 parts of water. 

Addenda.— Chodat and Schweizer (1915) have shown 
that when tyrosinase, p-cresol and glycerin are mixed and 
kept for one hour in a solution saturated with hydrogen, a 
red colour is produced five minutes after the admission of 
oxygen. When oxygen was admitted directly, thirty 
minutes elapsed before the production of the colour. This 
furnished evidence of the union of the enzyme and its sub- 
strate at a measurable rate. 

Biinzel (1915) has recently studied alfalfa laccase, and 
has proved that the salts of strong bases with weak acids 
accelerate oxidation by means of the hj^droxyl ions liberated 
from thorn. There is n'o quinol oxidizing enzyme in 
Medicago sativa, m Bwp-po^ed by Euler and Bolin. 

WoM and Rouchelmann (1915) have failed to find oxi- 
dizabio chromogens in certain plants by extracting vith 
acid aqueous ether, though these are present as a rule. 
It appears, however, that their list, which includes the 
leaves of the oak, acacia and iris, really shows the presence 
of inhibitors rather than the absenee of chromogens. 

Reed (1915, 1) has succeeded in showing that enzymes 
able to oxidize ^^-phenylenediamine are present in all the 
aigie he tested. 


CHAPTER XIII 


TTfE ()XIDA,SE8 IN RELATION TO PIGMENTATION, AND 
THE ANTHOCYAN PIGMENTS 

It has been known for a considerable time that there is a 
connection between the occurrence of oxidases and sap 
pigments in stems and the veins of leaves. Reinke in- 
vestigated the chromogens as far back as 1882, and he w^as 
by no means the first in the field. More recently they have 
been studied by Wheldale (1910), Molisch (1905), Will- 
statter (1913), Combes (1913), Keeble, Armstrong and 
Jones (1913), Bartlett (1913), Everest (1914), Tswett (1914), 
and others. 

SECTION I.—WHELDALE^S THEORY OF ANTBOCYANIN 
FORMATION, 

The sap -soluble anthocyan pigments are regarded Ijy 
Wheldale as oxidation and condensation products of 
colourless or light-coloured chromogens whicli are present 
in living cells as part of a glueoside molecule. The hj^dro- 
lysis of the glueoside is considered to be a reversible enzyme 
action, effected possibly by an emulsin, and only the 
chromogeii thus liberated (which may itself be still a 
glueoside omng to the retention of one or more sugar 
groups) can be attacked by the oxidase. The chromogens 
are by this author supposed to be either flavones or 
xanthones, which are yellow colouring matters known to 
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be widely distributed. On this view the anthocyanins 

a.ie a group of related substances, differins individually 

accortog to the flavone from which each one has arisen. 

^ Palladins view that the anthocyanins are related to the 

mlnS W cliromogens does not appear to differ funda- 
mentally from Wheldales, but the latter is far more 

precise. ^ iiiuic 

summarized in the following 

glucoside (of flavone) + water.e=:»cliromogen (flavone) 
poSy). ^ "" glacoside-sphtting enzyme 

a. (flavone) + oxygen =anthocyanin (the oxygen bein- 

;Sd Jr “ “““ * 

The amophous nature of some of the anthocyanins is 
,, considered by Wheldale and Bassett (1914, 1) to^oint to 

he.r Mgh molecdar aM direct delJUJ 

corfirm the ,„pp„,iti„„. The high „„lec„l„ J ““I 
volves the condensation as well as the oxidation of the 
rektively .simple flavones, and in this respect the himoth- 
^^is has sometimes been misquoted. The importaiie of 
tne condensation is seen from the fact that the Voduction 
of anthocyanins from flavones has only recentlybeln success 
fdly accomplished, though if it were a matter of simiilo 

eJi r ohange should be reS 

effected. Willstatter has, however, obtained by the redt- 
1011 of quercetin considerable quantities of aUocyanidin 

tlX2Z:t Y "dT" St’ 

T • " T identical with the compound obtained by 
hydrolysis of cyanin, the diglucoside anthocvam'n of the 
cornflower. Combes (1913) Tswett noiQi 
(1914: 1 hnrrc 1 t I- aiid Evercst 

( 14, and 2), have also obtained substances by reduction 
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of tlavones wliicli resemble anthocyanins and antlxo- 
oyanidins in many of tbeir qualitative reactions. Wliel- 
dale (1915), on the other hand, points out that in the 
absence of analytical data it is not possible to accept their 
evidence as conclusive, and also that the body obtained 
by reducing apigenin, which occurs in Antirrhinimi, with 
nascent hydrogen, in no way resembles the Antirrhinum 
anthocyanin. Furthermore, the latter contains a higher 
percentage of oxygen than does apigenin. 

The researches of Wheldale being primarily concerned 
with problems of genetics, her further woA was directed 
to the study of the anthocyanins rather than to that of 
the oxidase system, for the universal presence of some 
enzyme of this t^^pe at once excludes it from acting as a 
Mendehan unit character. These sap-soiuble pigments 
will be referred to in a subsequent section. 

Miceochemical and Genetic Eesbaeches on Oxidase 
Disteibution. 

Though the above reasoning, based on the widespread 
occurrence of oxidases, is undoubtedly true, researches by 
microchemical methods upon the distribution of oxidases 
and inhibitors in tissues have not been without fruit, as 
is shown by the results obtained by Keeble and Armstrong 
(1912). These authors employed a-naphthol and benzidine 
as reagents, and found that whereas in dowsers the epidermis 
and veins oxidized the latter to a browm substance, fre- 
quently deposited as crystals, yet a-naphthol was only 
oxidized to a lavender tint in the veins, the slight shade 
of colour sometimes occurring elsewhere being negligible. 
(In passing it may be pointed out that very feeble oxidation 
of benzidine causes the appearance of a blue colour.) Ac- 
cordingly, in their earlier papers they refer to “ epidermal ” 
and “ bundle ” oxidases. This distinction appears in their 
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later work to be regarded as only a convenient method of 
describing the locality of the enzyme. It is the writer's 
view (1914, 1) that ail the differences in reaction can satis- 
factorily be explained on the supposition that a-naplitliol 
is more sensitive to the inhibitors of the |)etai than is 
benzidine. In support of this is the fact that in certain 
Iris dowers treatment with hydrogen cyanide resulted in 
the lenioval of inhibitors, after wMch the benzidine reaction 
was given with greater intensity, and a-naphthol, pre- 
viously oxidized only in the veins, afforded a dark blue 

In other varieties of Iris 
in both epider- 
reagents, including hydrogen per- 
appiied directly to the freshly gathered dowers. 

^ . — I tissues contain- 

ing anthocyan pigments always afforded peroxidase reac- 
tions, and very frequently contained organic peroxide also. 
Since the latter (and to a lesser degree the former also) 
varies in quantity according to the amount of light to 
which the tissue containing it has been subjected, they do 
not regard its absence at a given time as of any great im- 
pel tance. As the distribution of |)eroxidase greatty ex- 
ceeds that of sap pigment, they concluded that the presence 
or absence of chromogen, not of peroxidase, is a Mendelian 
unit. They point out that, if two factors were involved in 
the production of pigment in a red-stemmed variety of 
Pnmula miemu investigated by them, it ought to be 

possible to obtain two ty^ies of green-stemmed plants 

VIZ. one lacking chromogen, and another lacking the 
oxidase system. Only one kind has, however, been found, 
llie results of crosses are show^n hAm 


colour in the epidermis also, 
the two reagents were vigorously acted upon 
mis and veins, when the 
oxide, were i 
Keebie and Armstrong (1912) found that 
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and it is found that the plants are pigmented, as 
.v:0 and, G are present.' 

Such plants produce gametes 00 and Oc: hence, 
when seif -fertilized, hh consists of 3 00 : 1 Oc — namely, 
3 reddish-stciiiined plants : 1 green-stemmed. 

Now, although, chromogen is the factor limiting the pro- 
duction of anthoc^yaii in a cell, the oxidases are in their 
opinion part of the mechanism, as is further illustrated by 
the fact that it is precisely those tissues wliich are rich in 
oxidase in unpigmented varieties that are rich in anthocyan 
in the pigmented. 

Further research showed that among the red-stemmed 
there were two varieties — dark red and reddish. These 
differed in that the former contained the pigment in 
epidermis, cortex, and stele ; whereas in the latter it is con- 
fined to the epidermis and adjacent cells. As the result 
of crossing, it was seen that F^j^ plants were reddish, and 
Fg consisted of 3 reddish : dark-red stemmed. This 

dominance of the light-coloured variety is evidently due to 
the presence of an inhibitor sufficiently strong to suppress 
pigment formation in the deeper tissues. 

With regard to the production of colour in fiowers, the 
results of genetic experiments revealed the presence of two 
varieties of white fiowers in Primula sinensis. These are 
known as ‘'recessive'’ and “dominant" whites. The 
former evidently lack the factor for colour, for when crossed 
with a coloured variety they yield a coloured F^^, which 
when seif -fertilized, gives 3 coloured : 1 w^hite in the 
Fg generation. The dominant whites, however, yield 
a white F^ when similarly mated, and afford 3 white ; 1 
coloured in F,^. Keeble and Armstrong have shown 
that in the dominants an inhibitor of oxidase action is 
present, whereas the recessives contain no such substance. 
Again, in flaked or ever-sporting varieties of this plant 
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they established a close parallel between depth of colora- 
tion and intensity of oxidase action. Very similar results 
were obtained with Dianthus barbatus a/iid Germviwn 
sanguineum, for the details of which the original papers 
should be consulted. They also proved that the W'hite 
|)atches in coloured flowers and the unmasked appearance 
of the yellow eye of the howler were due to inhibitor, for 
addition of oxidase reagents failed to result in the colora- 
tion of such regions till after treatment with hydrogen 
cyanide, whereby the inhibitor was removed. 


The Oxidases op Cytisus Adami. 


B;/ application of a-naphthol and benzidine as micro- 
chemical tests for oxidases, Keeble and Armstrong (1912, 2) 
obtained striking confirmation of the correctness of Baur’s 
(1909) brilliant reseai’ches on the constitution of Cyiisus 
Adami. These have recently been summarized both by the 
above authors and by Skene (1914), so a very brief account 
will here suffice. 

Baur regards G, Adami as a periclinal chima 3 ra, an or- 
ganism the outer jiarts of which are composed of one species, 
and the iimer of another. As is w^ell known, this inter- 
esting plant was obtained many years ago by the French 
gardener Adam, supposedly by grafting C. purpiireus on 
C. laburnum. To this chimsera C. purpureus has given 
nly the single-layered epidermis, whilst the other tissues 
are formed from C. laburmim ; for while G. purpureus has 
purple flowers, and those of G. laburnum are yellow, 
O. Adami bears yellow and purple flowers, and in addition 
buff ones. The latter arise from the combination of a 
purple epidermis with hy23odermal cells containing yellow 
plastids. Iveeble and Armstrong have summarized their 
results in the accompanying scheme, which needs no ex- 
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pianation if the facts concerning colour production in 
Primula he borne in mind. The arrows indicate the reac- 
tions given by the various types of flower: 

Oxidases oe Gytisits Admm, 

C. Adami. 

Epidermal direct oxidase, \ ^ JPurplel v /Bundle direct oxidase, 

as in C, piirpureus j t^lowei’vS / as in 0. 'pMpiireus 

flowers 

* . ' 'J/ ■ 

No epidermal oxidase, as\ /Yellow/ v / Bundle peroxidase, as 

in G. laburnum j j \ in (7. laburnum 


The Restoration of Anthooyan Pigment in 
Decolorized Plowers. 

Owing to the accumulation of a large ainoiiiit of experi- 
mental evidence, the salient features of which have been 
mentioned in the preceding pages, there w^as a general con- 
sensus of opinion that oxidases were concerned in the j)ro- 
duction of anthocyan pigments. It was also contended by 
Keeble, Armstrong, and Jones (1913, 1), that the return of 
colour which takes place when a flower decolorized in 
alcohol is transferred to water, is explicable in terms of 
oxidase action. This view has recently been opposed by 
Wh.eldale and Bassett (1914, 1), and by Tswett (1914), while 
Willstatter (1913) has brought forward yet another explana- 
tion of the phenomenon. 

Keeble and Armstrong attributed the decoloration to the 
action of the reducing agents of the tissue containing the 
anthocyanin. They conceived the normal colour to be due 
to a balanced reaction between the oxidase and the re- 
ducing substance, but, owing to the lessening of enzyme 
activity occasioned by the application of strong alcohol, 
equilibrium is displaced in favour of the transf ormation 

■ ■ , ■ , 17 ■ ■ . 
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back to the chromogen. Tho relations were by these 
writers expressed in the following scheme : 


Chromogen Anthocyan pigment 

/ - Water 1 
t^dueing agent/ 

In support of it, they demonstrated , that the restoration 
of colour is accelerated by a moderate increase of tempera- 
ture and by hydrogen peroxide; also that the action of 
peroxidase is very feeble in strong spirit, though it can pro- 
duce a slight browning of benzidine in the tissues (but not 
in vitro), even when the solution contains as much as 95 
per cent, alcohol. The possibility of the anthocyan colour 
change being of the indicator type was examined by Keeble, 
Armstrong, and Jones, and dismissed as unsatisfactory. 

Wheldale and Bassett (1914, 1) have recently pointed 
out that this fading and restoration of colour is exhibited 
by most pigments of the anthoeyanin class, and has been 
recorded by Hansen (1884), Molisch (1905),and Grafe (1911), 
m various plants. Furthermore, restoration of colour takes 
place in boiled solution-s on evaporation, and so cannot be 
due to oxidase action. This criticism seems to the author 
to be quite unanswerable. In addition it has been shown 
by Wheldale that the acceleration of the return of colour 
is due, not to hydrogen peroxide, but to the acid contained 
m this reagent as usually prepared, and that when dry 
hydrochloric or hydriodic acid is passed into absolute 
alcohol containing decolorized petals, the usual red colour 
IS produced. This is also the case when hydrogen cyanide 
gas is passed in. Thus, in spite of the fact that the latter 
substance is an inhibitor of oxidase action, the reaction 
still takes place. 
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tion^of the decolora- 

SLuht^r L? •n'l 

this Hnd thp dT^f* fo™d an ingenious analogy betiveon 

«died ~d »' PhonoIpWialciu „Int™., 

aiooliol, but js reversed on diluting with wah-r Tn tl,;t 

Ihm .1 »,ems „aso.„He to co„»d„ the „b„vati„„ “th 
mtho.j.»n,„ oe expIio.Me h, . .mil„ “eh 

L" f T ff "• P™<J"rtion of I 

a ondiEsocmted compound which gives coloured ions 

J-llCy© lb ilOTVCVBr no TAYv/^z-s-C j; * 

view. ^ ^ oorreotness of this 


It IS nevertheless indisputable that plant tissues do con- 
tain reducing agents. These are capable of causinv 2 

above-mentioned collaborators n<)]^ ^\h the 

eirrr„.?;?7“irrTiit:HT 

destruction of anthocyanin which tabes nl ^ “f 
alooliol Tf ,•+ ,-o, d-u , ^ strong 

aicohol. If It IS thus easily reduced, it ought to be no.^ 

sible to oxidize it back again to the coloured condition as 

4-^ 1 aware, there is no 

proof that coloured products so obtained are identical vith 
anthocyanin. Undoubtedly the whole qnestiorhal Tot 
been sett ed once for aU by WiUstatter, who tried the effeci 
of alcohol upon pure crystaUized anthocyanin, in which case 
reduomg agents were of necessity absL. FurttaorT 
Muce It has been shown-qnite conclusively, as the writer 




260 SOME BECEHT BESEAROHES IF PLAFT PHYSIOLOGY 

believes that the restoration of pigment in the tissues is 
not connected with oxidase action, and since there is much 
evidence that it is not an oxidation change at all, it is 
hard to see how its converse, the disappearance of colonr, 
can be dne to reduction* 

The suggestion advanced by Willstatter (1913) to ex- 
plain the behaviour of anthocyanin is that in presence of 
strong alcohol intramolecular change takes place, with the 
production of a colourless isomer. This can be paralleled 

by the transformations of the triphenylmethane series of 
dyes. 

Peroxidase Reactiofs op Related Species op Iris. 

Between the distribution of anthocyan pigments and 
oxidases there is in many cases so close an agreement as 
to amount almost to a definite j^roof that there is some 
causal connection; but though there aj)pears to be reason 
to suppose that the j)roduetion of colour necessitates the 
presence of a complete peroxidase system during that 
Process, yet a number of facts ascertained by the writer 
(1914, 1 and 3; 1915, 1) do not suj)port such a conclusion. 
These, however, are being investigated further with a view 
to ascertaining the causes of such discrepancy. 

The examination of numerous species and varieties of 
Iris was undertaken much on the lines of Keeble and 
Armstrong’s work, employing benzidine and a-naphtliol as 
microchemical reagents. In the course of the work, which 
extended through two years, well over a hundred flowers 
were tested, including members of about sixty or seventy 
varieties. It was found that, adopting the classification 
advocated by Dykes (1913) in ‘‘ The Genus Iris,’’ the most 
striking feature of the results was that related varieties 
had elose]}?- similar j^eroxidase distribution, iiTespective, in 


TABLE LIX. 

XxphION CrUOUT. 
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many cases, of pigmentation. Owing to the considerable 
alterations jiroduced in the peroxidase by keeping in the 
dark, it is essential for a truly comparable examination 
that all the flowers should have been exposed to equal 
illumination. Since some of the plants flowered in Feb- 
ruary, and others in succeeding months up to July, it was 
not possible to secure uniformity in this condition, hlever- 
theless, as the results obtained with members of one variety 
picked in the gardens and examined in the laboratory 
under the weather conditions existing one day agreed well 
with those given by the same variety on succeeding days, 
one is led to the conclusion that this is not a serious source 
of error. Direct experiment has also confirmed this, as 
will be shown farther on. 

In a general way it may be said that the power of 
oxidizmg benzidine is more widespread and of greater 
mtensity than that of oxidizing a-naphthol, yet in many 
cases the latter reagent-is strongly acted on in the epidermis. 
The failure of the flowers to react with a-naphthol is due 
to an inhibitor, which is apparently able to stop the action 
on it to a greater extent than that on benzidine. Its 
removal by the cyanide method is illustrated by the fol- 
lowing table. Hydrogen peroxide was added in every case, 
as no reaction takes place witlioiit it. 

With regard to the restoration of the original anthocyaii 
pigment, when the decolorized falls are placed in water, 
the chief factor seems to be the intensity of colour in the 
untreated tissues. For when this is not fairly deep, the 
losses sustained through diffusion, and destruction by re- 
ducing agents too, in all likelihood, are sufficient to prevent 
any reap]3earance of anthocyanin. 

In the table (No. LIX.) it is not easy to correlate per- 
oxidase distribution with that of anthocyanin. It appears, 

10 waver, that in Nos. 1 to 4 the supply of chromogen is the 
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limiting factor, whereas in Nos. 5 to 9 the presence of an 
inhibitor is indicated, and this is borne out by the re>siiils 
obtained, after treatment with hydrogen cyanide. 

Very striking are the colours developed on applying the 
reagents to the Spanish Iris — I. xvphvimi. The group is 
characterized by the intensity of its peroxidase actions, as 
may be seen from Table LX. There is, however, a very 
definite inhibition area, which remains quite uncoloured. 
This coincides with the distribution of the deep yellow 
plastid pigment on the haft of the falls. Prolonged treat- 
ment with the reagents in part obliterated this white area, 
apparently because the inhibitor slowly diffused away. All 
this is quite similar to the behaviour of Primulas, as showm 
by Keebie and Armstrong. 

TABLE LX. 


XiPinoN Gboup. 


Benzidine, 


No, I, xlphimi (Linn.). 


a-NaphtkoL 


I dmiis. 


75 Var. lusiianica, Ker., form 

fails * • -}- "P Hi — i — f* -i — j — f'" HI — -I-, - 

Var. lusitanica, Ker., form 

Thunderbolt, standards -f 0 H- H- 0 

76 Var. chrysoloray Hort., falls -f + + H--fH- 4 --|-h- 

Var, chrysolora, Hort., ; 

standards , , • » i -j — j — i- -t- H- H- H- H- 

77 Form yellow fail, blue stan- 


dard 

78 Form blue fall, blue stan- 
dard 


~}*'H“+' -f-"!"-!- j -{- 4 *+ j H-“}--f' 
4.4.4, ...{-4-4, j 4 ...|...|. 1 


In the Pogonhis group, however, one is faced by a most 
puzzling series of reactions, as shown in Table LXI. With 
remarkable uniformity, the peroxidase reactions of this 
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group are very slight, yet many of the flowers are deeply 
pigmented with anthocyanin; furthermore, attempts to 
find more marked reactions in unopened buds, which are, 
of course, shielded from intense sunlight, only resulted in 
further confirmation of the behaviour of the mature flowers. 


Effect of Absence of Light upon the Peroxidase 
OF Iris Flowers. 

As already mentioned, Keeble and Armstrong (1912, 3) 
found the quantity of jieroxidase and of organic peroxide to 
have increased in flowers kept in the dark. Before con- 
cluding definitely that the reactions of Iris flowers had the 
meaning attributed to them — viz., that they were genuine 
expressions of the properties of particular species and 
varieties — it was necessary to inquire into the possibility 
that they might have been in part due to diflerences in 
illumination. With a view to testing this, the Irises men- 
tioned in Table LXII. were picked at 5 p.m. on a hot sunny 
day in July. Of each flower, one of the falls was removed 
and examined immediately. The reactions afl:orded by 
these are given in column No. 1. The flowers were then 
placed in total darkness, with their stalks in water. After 
twenty-one hours the second of the fails was removed, and 
the third after sixty-six hours. The behaviour of these is 
shown in Nos. 2 and 3 respectively. In the table, refers 
to the whole of the fall, unless a portion such as the claw 
is mentioned. Thus, ‘‘ + claw ’’ indicates a less general 
distribution than does -f- alone. The reagent enp^loyed 
was a-naphthol, as it is more selective in its action than is 
benzidine 

It is at once evident that the absence of light permits of 
the accumulation of peroxidase in active condition, and 
even leads to the formation of organic peroxide in the 
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TABLE LXL 
PoGOJfiRis Group. 


Benzidine, j a-KapIUkoi, 


32 I /. pumila, Linn., purple 

•oo\ ,, 

'34 1 ■ I ■” 

35 1 1, pxmiila, yellow (/. aitim) 

i>() I .. . 


38 /. gernmnieallAxm,, young fi. *. ! j 

Aft T , 9} * • I 

i. germanica 'major 
41 I. germanica purpurea * * ' 


{ Veins. 

1 ■ . 

1 " ■ 

j Epi. 
j dermis 

1 Veins. 

Ei)i. 

dermis 

[ 4-, + ■ : 


1+ claw 

0 

' + + 

“f 

1 0 

0 

1 . 

•f 

I ++ j 


1 0 : 

0 

0 I 

0 

+ 

0 

' ! "p ' j 

0 

4- . j 

0 

j+ claw ! 

0 


+ traces I 


42 /. germanica, var. fiorentina . . 

ff r ” . ” » 

44 i. germanica, var. fioreii^ina, 

lorm albicans (Lange), viz. 
Princess of Wales , . 

45 Ditto, bud 

46 /. fiavescens, D.C.. vai.'Munito 

Va I var. Redmti . . 

48 /. flavescens var. 

49 /. paUida, Linn. 

»» „ ... .* 

51 /. pallida, var. dalmatica 

r var. Queen of May 

53 /, Victor ine, Hort. 

54 /. variegala, f falls' * 

Linn., var. [standards . . 

55 /. variegata var. | * * 

56 ' 

oi \ I, variegata var., falls and 
standards 

58 I. ICochii 

59 /. Mrs. Horace Darwin, hybrid 

60 i. Mrs. Langtry 


4” in 

0 

■f tr’cesi 

parts 



-f traces 

0 

0 

4- 

0 

4- 

+ traces 

0 

0 

+ 

0 

1 -f 

-f traces 

0 

j-ftr’ces 

0 1 

0 


+ 4- j 

+ 

+ 

> ' ■ "f*. 

+ 

+ trace 

+ -h 

0 

4* 

• + -f- 

0 

— [_ 

-h traces 

0 

0 

+ 

0 

-f 

0 

0 

0 

0 

0 

0 

+ 

0 

+ 


0 0 

0 0 

+ + + 

+ 4- 0 
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■+ traces 
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veins of Iris MonnierL The effect, apparently, is only 
bronglit about slowly, for, although it is noticeable after 
twenty-one hours, it only becomes well marked after sixty- 
six. It may also be seen that the age of the flower is 
vMtIiout influence on the intensity of the reactions, except 
t at in the buds the latter are not as strong as in the more 
mature flowers. Since these buds opened in the dark, it 
lis clear that the absence of active peroxidase cannot be 
due to its destruction by light. 

The almost complete absence of peroxidase activity, as 
judged by the a-naphthol reaction, in certain deep-claret- 
coioured varieties of /. xipliioides, is hard to reconcile with 
the view that the pigment is produced as the result of the 
action of the enzyme. Treatment with hydrogen cyanide 
or with toluene, as previously described, resulted in the 
production of the a-naphthol purple in the veins of the 
falls when the reagent was subsequently added. Thus it 
appears that in this case the presence of a powerful in- 
hibitor, which is removed by the above methods, renders 
the enzyme inert. If the production of inhibitor occurred 
after pigment formation or in definitely localized portions 
of the cells, the discrepancy might be explained. It is, 
however, quite likely that the inhibitor is a reducing agent 
sufficiently strong to check the oxidation of a-naphthoL, 
The subject is one which leaves much room for further 
work, and the author hopes to be able to investigate the 
matter more fully. 

SECTION II.—THE ANTHOGJAN PIGMENTS. 

AifTHOOYAOTISrS AXD THEIB PaBEXT StJBSTAHCES. ' 

The chemical constitution of this group of substances is 
now fairly completely known through the researches of 
Willstatter and his pupils, which have shed much light on 
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the subject. A summary of this work up to a recent date 
has been given by Stewart (1915), so it will only be briefly 
discussed here, from the standpoint of the physiologist 
rather than of the pure chemist. 

As was previously mentioned, Wheldale (1909, 1; 1910, 
2; 1011) considers the anthocyanins to be derivatives of 
flavones and xanthones, and has isolated in a pure con- 
dition both red and magenta aiithocyanin from varieties of 
A^itirrhinum majus containing the pale yellow hydroxy- 
flavone apigenin, and the deeper yellow luteolin, both of 
which are probably combined as glucosides in the living 
cell. The structure of these bodies, originally isolated by 
Perkin, is shown below: 




HO CO 

Apigenin. 


^OH 


_OH 
-X > 


Ho/N/\— / >OH 


HO CO 

Luteolin. 


For the red and magenta anthocyanins and the above 
two flavones, Wheldale (1913, 2) found the following per- 
centage compositions : 


TABLE LXm. 

Analyses of Anthocyanins and Flavones. 



I,' V,; , 

1 

0 (by Dif 
ference). 


Per Cent. 

Per Gent- 

'^XPer'Cent..;/' 

Red 


5-01 ' 

43*18 

Magenta .. .. .. .. 

■ '50-50' "vj 


44-39 

apigenin 

66-66 i 

S-70 

29-64 

Luteoiin .. .. .. 

62-90 : 

3-49 

! 

33-()l 
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ov 2LT'“?'" 7!'?“ “<* •»ao- 

rf Srr f. ™ “PooK"!? by .a«„s 

i-elwT’”'’ *7™™“*““ “ «‘byl .-.loohol. Since the 
lesults Of the combustions may most simply be expressed 

by the fotmnlce, C.H.O. for the red, and C,.k,oX the 

SS^tf; <iP«.™™«on-; iSillA* 

m^ i respectively 3 C,„H.,.Oj-. 

716. Evidence derived from analyses of the lead 
salts supported these values. It wasAlso ascertain^ 
e red contained twelve hydroxyl groups and 
the magenta anthocyanin fifteen. These ‘figures Ind the 

le! m rr. 'T intnthocy; 1: 

ed me dale to conclude that the production of the latter 

of tl L^neT “ *“ “““O” “<1 

fchfrr+T''^ flavones to be the parent substances of 
bhe anthocyamns of Antirrhinum— and on this point the 
ihemical and genetic evidence is decisive— it may be re- 
w tu TiT“ tliat the anthocyamns examined 

«riiV tlran those studied by 

iVilIstatter and are richer in oxygen. They cannot, there- 

ore, be reduction products, though other anthocyamns 


xMendelian Expeeimexts beaeixg ok Akthocyakik 
Formation. 

These researches filustrate the fruitfulness of the com- 
mataon of chemical methods with those of Mendelian 
naysis. By the latter it had been shown that the 
anieties of colour occurring in AntirrUnum majus necesBi- 
ited for their elucidation the grouping of at least six 
bctors. It remained for chemical research to show that 



Yelfow tim 
Crimson 


Ivory tinged 
Magenta. 


Bronze 


Yellow tinged 
Bronze. 


ivory tinged 
Rose-dore 
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these were of a tangible nature. Thus the albino or true 
white contains neither apigeniii nor iuteolin. The ivory 
contains apigeniii and a factor, absent from yellow, which 
inhibits the formation of Iuteolin, for ivory is donainant 
to yellow. In addition to these there are eight varieties, 
of which four are combinations of red anthocyanin with 
one or other of the two flavones, and in four others the red 
is replaced by the magenta. The comx>iete list is given 
below : 


1. White. 

2. Yellow. 

3. Ivory. 

4. Yellow tinged with bronze.^ 

5. Ivory tinged with rose-dore. 

6. Bronze. 


7. Rose dore. 

8. Yellow tinged with crimson. 

9. Ivory tinged with magenta. 

10. Crimson. 

11. Magenta. 


Of these, rose-dore is due to the combination of apigenin 
with red anthocyanin, whereas the latter and Iuteolin yield 
bronze. Crimson results from the presence of magenta 
anthocyanin with iuteolin, whereas with apigenin the 
colour of the magenta is not appreciably altered. The 
Mendelian relationship of the abov^e varieties, from 4 to 11, 
is concisely showui in the following scheme drawn up by 
Wheidale. In it, those which are dominant have arrows 
pointing in their direction. 

Magenta-a ^ :©Cpimson. 


Fia. 2G. 
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Some Soheces and Peopeb-ties op Pure 
'Anthocyanins. 

As a source of anthocyanm, Willstatter and Everest 
(1913) have recently employed the coriiHower. 

The blue pigment was by them proved to be the potas- 
sium salt of an acid (cyanin), which is violet in the free 
state, whereas the red pigments are combinations of cyanin 
ivith simple organic acids to form oxonium salts. These 
workers attributed the various shades of colour in the 
flower to such substances, Willstatter and Everest are 
of the opinion that cyanin is a havone derivative, and that 
ail anthocyanins are present in the living cell as glucosides. 

Willstatter (1914), in conjunction with 'various collabor- 
ators, distinguishes anthocyanins, which are glucosides, 
from anthocyanidins in which the carbohydrate side-chain 
has been split oiK. The former are decolorized by cold 
alcohol, whereas the latter are stable in the cold, but 
decolorized on warming. In both the colour is restored by 
acids, though Everest (1914, 2) states that this is not so 
easily efected wdth the anthocyanidins. Puthermore, 
anthocyanins are not extracted by amyl alcohol from 
dilute aqueous sulphuric acid, whereas anthocyanidins are 
quantitatively taken up by the alcohol. These can be dis- 
tinguished inter se by their colours, their solubilities, and 
the reactions they give with ferric chloride. Anthocyanins 
are most readily identified by their specific rotations, which 
are very high — ^from 200 to 1,400. 

Cyanin on hydrolysis gives cyanidin (the hydrochloride 
of which has the formula CigHiiO^Cl) and two molecules 
of glucose. The pigment of the cranberry also gives 
cyanidin, and one molecule of galactose, whereas JRosa 
gallica gives cyanidin and two molecules of glucose. 
When heated mth alkali to a higher temperature, cyanidin 
gives phloroglacinoi and protoeatechnic acid. 
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Pelargonin, obtained from Peiargoninm, affords two 
inoieciiles of glucose and one of peiargonidin, the hydro- 
chloride of which has the following formula : O 15 H 5 1 O 5 CI. 
Heating with alkali in this case gives rise to phlorogiucinoi 
and ^i-hydroxybenzoic acid. 

Helphinin, from Delphinium, when hydrolyzed, gives two 
molecules of glucose, two of ^^-hydroxybenzoie acid, and 
delphinidin. The hydrochloride of this body has the com- 
position C| 5 Hii 07 Ci. Treatment of the latter with alkali 
breaks it up into phlorogiucinoi and gallic acid. 

Another crystalline anthocyanin has been isolated from 
grapes. It is known as oenin, and forms a picrate which 
crystallizes in red prisms. (Enin is a monoglucoside of 
oenidin, prepared as the hydrochloride CigHigO^Cl. 

Thepigmentof thebilberry, too,m;^ntiliin,has beenisolated 
in the pure state. It is a gluooside of an anthocyanidin 
which is also present in the anthocyanin of Althea rosea. 

In the same paper Willstatter and Maliison deny that 
the coloured products obtained by the reduction of 
morin, luteolin, quercetin, and other fiavones, or of the 
yellow pigment of Ampelopsis hederacea, can be considered 
as anthocyanins. In a later paper (1914, 2), how^ever, they 
describe the production of ailocyanidin, and eyanidin in 
small quantity, by the reduction of quercetin. [See p. 292.] 
The relationships of the various anthocyanins may 
perhaps be rendered plainer by the following scheme: 

Source of Anthocyanin. Anthocyanidin and Other Products. 

Cornflower, flower (cyanin) . . Oyanidin and glucose, two molecules. 
Eosa gallica, flower . . . . C^^anidin and glucose, two moieeuies. 

Cranberry, fruit Oyanidin and galactose, one molecule. 

Pelargonium, flower (pelargonin } Peiargonidin and glucose, two mole- 
cules. 

Delphinium, flower (delphinin) Delphinidin, glucose two molecules, 

and j)-hydroxybenzoic acid, two 
molecules. 

Grrape-skins (oenidin) . . . * (Enin and glucose, one molecule. 

Bilberry, fruit (myrtiilia) . .. Myrtiilidin and glucose. 
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, When heated , with ■ alkali the anthocyaiiidiiis are split ■ 
, up ,as' follows :' . ■ 


A nthocyanidin. 
Pelargonidin, 

C3-anidm, CigHioOjj . . 

Oeiphinidin, CisHioO,.. 


Decomposition Pmdaicts. 

Phloroglucinol and ^^-iiydroxy benzoic 
acid. 

Phloroglucinoi and protocatechiiic 
acid. 

Phloroglucinoi and gallic acid. 


Of the above, cyanidin is isomeric with the flavones luteo- 
lin and fisetin, peiargoiiidin with apigenin; and delphinidin, 
quercetin and morin are represented by the same molecular 
formula. 

Wilistatter and Everest (1913) have adduced reasons for 
the belief that anthocyanins unite with alkalies in virtue 
of the possession of phenolic hydroxyl groups, and form 
oxonium salts with acids, as in the following scheme, in 
which I. represents the hydrochloride, and II. represents 
the free colouring matter, with a pyrone ring. Glucose 
and other substances may be attached to the free valencies 
as side-chains. 


0 c c- 

1 i t 
0 c c 
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Among the earlier workers on pure aiithocyanin was 
Grafe (1911). Crystalline anthbcyanin was obtained by 
him from Pelargowium zonah in rosettes of needles, which 
melt at 270®. It has the empirical formula C^gHoeOig, and 

“* 18 
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contains two liydrox 3 d, three carbox^yl, and two aldeliydo 
groups. It may be dialyzed, and gives no reducing sugar 
when hydrolyzed. An amorphous deep brown jDigment was 
also obtained from the same#fiowers. This may be repre- 
sented by the formula C 24 H 4 .JO 20 , is non-diatyzable, and 
gives glucose when hydroi^^zed. The anatyses of the pro- 
ducts obtained bj^ Willstatter and by Grafe from Pelar- 
gonium are not in good agreement. Possibly they were 
dealing with different substances. In any case, the com- 
plete removal of water of crystallization constitutes a 
difficulty. Grafe ascertained that a colourless addition 
product of anthocyanin may be isolated by means of 
sodium hydrogen sulphite, whilst Iswett (1913, 1914) found 
phenylhychazine and hydrogen cyanide to behave similarly. 
This shows that the free carbonyl group forms part of the 
ehromophoric complex, or i^ossibi}^ the compounds may 
resemble the colourless isomer in structure. The addition 
of a mineral acid decomposes the addition jproduct; com 
sequent^ the red colour of the anthocyanin in acid solution 
again appears. 

Tswett, too, has prepared pure anthoc\^amn from red 
cabbage, and found that it was decolorized by the addition 
of methyl alcohol or of acetone, as well as by eth^d alcohoL 
This, he very jus% points out, cannot be a reducing action, 
but is rather one of isomerization, as suggested by Wiii- 
statter, or due to the formation of compounds between 
the alcohols and anthocyanin analogous to the formation 
of acetal with acetaldehyde. 

Another research of this class is that undertaken by 
Bartlett (1913) upon the chromogen isolated from the 
aerial tubers of the Hawaiian bitter yam, a species of Bios- 
corea. This was considered b^^ its investigator to have 
possible chemical and physiological relationships with the 
ammonia-greening anthocyanin of that plant, as it forms 
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and oxidizes to a red compound wliicli woui 
tor an anthocyanin if it were not insoliibic i 
IS oxidation is effected by plant oxidases, r 
sly m water or solutions of halogen salti 
presses the opinion that in the cell it is probabJ 
romogen, in the form of a glncoside, become 
antnocyaain. 


i'EOimCTIOK OF COLOUBED SUBSTAHCES 
SUPPOSED TO BE AftHOCYAFIFS. 

It has beem thought by some that anthoevanins are 
derived from tannins, and, indeed, in the writer’s (1913) 
own experience the mature leaves of Vitis VeUcIm contahi 

whereas when the autumnal 

Wissemann (1912) has studied the distribution of tamiin 
and anthocyamn in a very great number of plants belong- 
ing to the most diverse orders. He could not, however 
find any precise relation between the occmrence of the’ 
two substances, but ascertained that, in a general way 

when they varied with the age of the plant they varied in 
the same sense. 

However this may be, Malvezin (1908) obtained a wine- 
red colour by heating green grapes with 2 per cent, hydro- 
chloric acid under pressure at 120° for half an hour Simi 
lar results were obtained with the tannins from hops from 
I runus domeshca, P. avium, Ampelopsis sp., but not with 
those from the oak. He also records +,ho+. rroir„i •„ 
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Similar coloured compounds have also been obtained 
in this manner by Laborde (1908), by Dezani (1910), and 
by Keegan (1913). In the course of a chemical investiga- 
tion upon the red-coloured substances obtained by warming 
tannins with dilute sulphuric acid, Kunz-Krause (1898, 
1899) came to the conclusion that they were dehydration 
products of aromatic hydroxy -acids. Very probably 
the derivatives described by the later workers are of a 
like natoe, and have no relationship to anthocyanin. 

Nierenstein and Wheidaie (1911, 1912) also obtained 
substances bearing a resemblance to anthocyanin as far 
as colour is concerned, by means of oxidizing quercetin 
and chrysin. These again, as the authors point out, are 
far simpler in constitution than are the naturally occurring 
anthocyanins. 

A reaction somewhat similar to that described by Mai- 
vezin has been investigated by Peche (1913) as a micro- 
chemical test for tamiin. Sections of leaves or stems 
which contain iron-greening tannins are placed in 20 per 
cent, caustic potash, mixed with about an equal volume 
of formalin, and heated quickly over a strong flame till 
the ceils in which tannin is located become biue-gi’een. 
When acid is added the colour changes to a cinnabar-red; 
this pigment in its solubilities and colour somewhat 
resembles anthocyanin. 

Peche suggests that the function of the formaldehyde is 
to prevent the unlimited oxidation of the phenolic hydroxyl 
groups. He also gives a figure illustrating the, similarity 
in the distribution of tannin cells and of those containing 
natural anthocyanin shown in cross-sections of the 
leaf of Prunus padus. This he believes to be evidence of 
the origin of anthocyanin from tannin. 

It was furthermore found by Peche that an alteration in 
colour took place in his artificial anthocyanin upon the 
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to the foimation of aliimmium salts or lakes bv anthoeyanin 
as obtained by Miyoshi (1900) and Grafe (1911). The colour 
of Peohe s pigment was destroyed by the addition of sodium 
hydrogen sulphite, and restored by acidifying in a manner 
similar to natural anthoeyanin as shown by Grafe 
Tswett (1913, 1914) states that in apples, pears, white 
grapes, pulp of red grapes, bananas, petals of Rosa and 
0.yclamen, alcohol-soluble tannin-like substances are pre.sent 
which yield colouiing matters similar to anthoeyanin 
when treated with strong mineral acids in presence of 
formaldehyde or acetaldehyde. In other tissues, such as 
the leaves of white cabbage, mesophyl] of red cabbage, 
Pelargomum leaves, carrots, and potatoes, these tannhi- 
like substances are wanting, and no coloration of this 
t^e was produced. Artificial colouring substances of this 
class agree with natural anthocyanins, not only in their 
absorption spectra, but also in their chemicafreactions, 
being either decolorized or altered in colour by alkalies and 
acids, and being decolorized by the aldehyde reagents 
sodium hydrogen sulphite, phenylhydrazine, and hy^ogen 
cyanide. , e 

In this connection, the researches’of Combes (191 1, 1 and 
2; 1914) are of interest. He comments on the facts that 
though, as shown by Mirande (1907), the quantities of 
tannins, of glucose, and of oxidase, are greater in coloured 
tissues than in those free from anthoeyanin, and thoueb 
he had himself pointed out the influence which abundance 
of carbohydrates has upon the production of anthoeyanin, 
yet no direct relationship has, in his opinion, been jiroved 
between the presence of these substances and the contem- 
porary formation of the pigment. Combes considers that 
if anthoeyanin formation takes place in a tissue as the fina 
result of an uninterrupted series of changes, it should be 
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possible to obtain from an anthocYanin"3dcldiiig tissue, 
before the colour had actnalij^ appeared, a substance 
which could be made to afford anthocyanin. Experiments 
with Am2}elopsis hederacea resulted in his obtaining from 
the red leaves a substance which crystallized in rosettes 
of violet-red needles, and gave an insoluble green lead salt 
upon the addition of neutral lead acetate. From the green 
leaves, on the other hand, a compound cr^ystallizing in 
rosettes of needles was also found, but it was of a yellowish - 
brown colour and gave a yellower lead salt. By treating 
an alcoholic solution of the ^rellow crystals with hydro- 
chloric acid and sodium amalgam, he succeeded in obtain- 
ing a purple-red-coloured solution which gave rosettes of 
needles of the same hue, A number of reactions studied 
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certain colour changes with acids, alkalies, hydrogen per- 
oxide and nascent hydrogen, in beeoiniiig decoioi’ized in 
nentral solutions of aleoho] (owing to isf^inerization). and in 
being restored in eoionr by acids. The absorption bands 
given by the natural anthocyanin and by Everest s com- 
pounds were also found to be similar. However, Wlieldale 
and Bassett (1914, 3), are of the opinion that such reduc- 
tion products are of quite different structure from the 
natural anthocyanins. The wTiter does not feci competent 
to decide between the conflicting results, but he is of 
opinion, after a survey of their evidence, that neither 
Combes nor Everest have definitely established the identity 
of their products with natural anthocyanin. 

Wheldale and Bassett have also obtained a coloured 
substance by the reduction of quercetin. Analyses of this 
showed it to be a reduced derivative of quercetin, from 
which its molecular weight differed but little when deter- 
mined by the raising of the boiHng-point of alcohol. It 
does not, however, in their opinion resemble any natural 
anthocyanin. 


Factobs influencing the Pkoduction of 
Anthocyan Pigments, 

From the time of Senebier (1791), numerous phj^siologists 
have studied the anthocyan pigments and the influence of 
various factors upon their production. Evidence as to the 
effect of exposure to light and to high and low tempera- 
tures was slowly accumulated, and the researches of jQyer- 
tqn (1B99) appeared to prove that in certain plants ex- 
posure to light w’as necessary for the production of antho- 
cyanin. Working with Hydrooharis morsus-rance, he > 
further showed that, other conditions being maintained 
constant, low temperatures fayoured the production of 


I 't 




280 SOME RECEKT RESEARCHES IH PEAHT PHYSIOEOGY 

.pigEient, whilst disappearance of the red colour followed 
upon an increase in temjperature. 

It was later demonstrated by Eberliardt (1903) that 
greater quantities of the red colouring matter were present 
in plants exposed to dry air than in similar ones in air of 
a horniar degree of humidity. 

The effect of the addition of various sugars to the culture 
medium was investigated b3^ Overton. When in sufficient 
quantities, glucose, fructose, and sucrose, all induced the 
formation of anthocyanin in plants in which the pigment 
was normally located in the mesophyli, but failed to do 
! so in those in which it was in the epidermis. This effect 
was due to the chemical action of the sugars, not to their 
; osmotic pressure, since salt solutions isotonic with them did 
not lead to the development of a red colour. 

In the course of his researches on the respirator}^ chromo- 
gens, Palladin (1908), too, found that exposure to light 
resulted in the production of more anthocyanin in frag- 
ments of the leaves of Rumex /placed in 20 per 

cent, sucrose solution than was formed in similar portions 
kept in the dark. The latter, however, did contain some 
red pigment, whereas controls in water were entirety devoid 
of anthocj^anin. The respirator}^ chromogens also were 
present in large quantity in the illuminated cells, in smaller 
quantity in those in the sucrose solution which were main- 
tained in the dark. In the control they could still be 
detected by the addition of a peroxidase and peroxide, 
but the amount was much reduced. 

That the presence of light is not absolutely necessary for 
the formation of anthocyanin was further illustrated by the 
work of Chartier and Colin (1911), for they found that the 
red root-tip of the seedlings of certain Crassulaee^e still 
showed the colour when grown in complete absence of 
liglit. Various experiments of Moreau quoted by‘ these 
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authors also demonstrated that antliocyanin appears in 
red cabbage even in the dark. 

An increase in the carbohydrate content of ms^nj 
leaves, leading to the production of antliocyanin, was 
ingeniously effected by Combes (1909)., The method 
adopted was to insolate them, and to prevent the transloca- 
tion of the assimilates by ringing the stem. 

Molliard (1909) allowed the development of radishes to 
take place in sugar solutions, and found that a red ceil sap 
was only formed in those portions which were near the 
surface. This he explains as being due to the lack of 
sufficient oxygen in the deeper portions of the culture 
medium. 

The action of insects upon vegetable tissues, giving rise 
to hypertrophy and red pigmentation, has been investigated 
by Mirande (1907). In such pathological conditions as 
arise from these lesions he was able to demonstrate an 
accumulation of sugars, taimins, and oxidases. 

All the above researches seem to point to one conclusion 
— that in jilants which can produce anthocyan pigments 
V the presence of a sufficient supply of sugar is a necessity^ 
Whether this condition is realized by the mobilization of 
the reserves of seeds, by photosynthesis, by employing 
sugary culture media and increasing the permeability of 
the cells by strong illumination, or by decreasing the 
intensity of respiration by exposure to cold, is after ail 
immaterial. The careful quantitative study by Combes 
5 (1909) of the relation between the carbohydrates of various 
t leaves, such as Ampelopsis hederacea, and the jiroduction 
t of red pigment, has finally proved the great importance of 
an abundance of sugars/ A good illustration of this has 
been pointed out by Dixon, who observed that small 
bi'anches of Bibes ruhrum, removed from the bush before 
the opening of the flowers in early spring, bear only white 
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blossoms. These look vory beautiful against the other- 
wise black branches. The flowers of this plant are, of 
course, normally of a red colonr. Probably the removal of 
the branch results in the cutting off of the sugars which 
ascend in the vessels of the w’ood, and are derived from the 
carbohydrate reserves of the root and stem. 

In Table LXIV . are quoted Combes ’s anatyses of red and 
green foliage leaves. Those of Ampelopsis were gathered 
on August 5. The leaves which were red had matured 
more rapidly than the others on the plant, owing to the 
fact that they were in a very well illuminated position. 

In Spiraea the red leaves were borne on branches from 
which a ring of cortex had been removed, the green on the 
untreated portions. Both were gathered on the same day. 

TABLE LXIV, 

Carbohydrates of Red aistd Green Leaves; Percentages of Bey 

Weight. 



Soluble Carhohydrates. 

Insoluble 

Total 





Carbo- 

Carbo- 



! 



Sugars. 

Dextriiis. 

Gluco- 

sidcfi. 

hydrates, 

hydrates, 

hederacm : 
Green leaves 

Red leaves . , 

Mosa mnina : 

0*74 

0*98 

2*78 

1*88 

2*43 

2*79 

2*42 

^5*02 

8*37 

10*07 

Green leaves 

Red leaves , , 

Sorhvs latifolia : 

2*42 

2*64 

1*30 

1*23 

8*22 

8*24 

9*72 

0*33 

21*60 

17*44 

Green leaves 

Red leaves . . 

Mahonia aqiiifolmm : 

0*71 

0*80 

I 1*15 
1*07 ’ 

1 

2*20 

2*52 

■■ ,x,: ■ , , \ 

11*99 

1*20 

16*05 

5*59 

Green leaves 

Red leaves . . 

Spircea panimilata : | 

0*57 

1*30 

0*80 1 
0*00 i 

1 

3*41 
4*30 : 

2*38 

8*78 

7*10 

14-98 

Green leaves .. ) 

Red leaves . . . * | 

2*21 

4*26 

1*01 ' 
0*92 1 

1*04 

0*15 

10*75 

20*58 

15-62 

37*91 
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The green leaves of Rosa, Sorbus, and Mahonia, were 
gathered on October 19, the red on October 29. In the 
interval the occurrence of a sharp frost had induced the 
formation of the pigment. 

From these figures it may be seen that the leaves in 
which the red colour appeared were richer in sugars and 
glucosides, but poorer in dextrins, than were the green. 
In Ampelopsis, which was examined in August, the red 
leaves, which were brightly illuminated, had a larger total 
of carbohydrates than the green. In SpiraBa the red leaves 
on the ringed branches were of necessity richer in carbo- 
hydrates than those on the untreated stems, which remained 
green. The other deciduous plants, however, Rosa and 
Sorbus, contained less carbohydrate iii the red than in the 
green leaves. The inferiority was due exclusively to the 
insoluble types of carbohydrate, the soluble being some- 
what more abundant in the red. Thus, before the fall of 
the leaf a portion of the carbohydrate was translocated. 

These figures throw light upon the high osmotic pressures 
found by Dixon and Atkins in leaves about to fall. The 
carbohydrates are all mobilked, and diffuse or are con- 
veyed from regions of high concentration in the deaf to 
those of lower concentration in the petioles, branches, 
main stem, and roots. In Mahonia, on the other hand, 
the leaves are persistent, and the red contain more carbo- 
hydrates, both soluble and insoluble, than do the green. 

Combes deduces from analyses that his anthocjanin 
must be a glucoside, and points out that this is in agree-^ 
ment -with the researches of Von Portheira. and Sclioli (1908). 
The work of Willstatter has, of course, now placed this 
conclusion beyond doubt. Another view advanced by 
Combes does not seem to be so certainly established, and, 
indeed, he himself admits that there are many exceptions 
to it. It is that, since there is an increase in the total 
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giucosides during the formation of anthocyanin, the latter 
cannot be formed at the expense of pre-existing glueosidic 
ehromogens. It arises rather by direct sjmthesis {de ioutes 
pieces) in the presence of considerable quantities of sugars. 

As pointed out by Combes (1914), in certain cases — 
Ampelopsis hederacea, for example — a yelloTF pigment may 
be obtained from the green leaves, which he claims to have 
converted into anthocyanin by reduction. But even in 
this case he urges that the amount of yellow pigment 
present does not seem to be sufficient to justify the con- 
clusion that all the anthocyanin of the red leaves has arisen 
from it. The view held by Combes as to the production 
of anthocyanin is, clearly, very different from those of Pal- 
ladin and Wheldale, both of which have already been men- 
tioned. Its consideration has been deferred to this stage, 
as, though it may seem more logical to discuss all the 
theories of anthocyanin formation in the same place, it is 
far more convenient to consider each in relation to the 
evidence on which it is based. 

i Combes (1910) also studied the gaseous exchanges of 
green leaves during the formation of anthocyanin in them, 
and a similar investigation upon the flowers of Oobcea 
scandens (which are green when they open, and then 
become red) has recently been completed by Bose (1914). 

In the two researches the same conclusion was reached 

that there was no relation between the variation in the 
intensity of respiration due to the red pigmentation. In 
both floral and foliage leaves as.similation was less in the 
red than in the green stage. WhUst in these and other 
respects the red and green agreed closely, yet during the 
formation of the anthocyanin it was found, by examina- 
tion of the diurnal gaseous exchanges, that oxidations are 
more active than in the normal conditions of vegetation. / 
From a study of the total sugars and giucosides of the 
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corollas of Cohcm scandens, Rose was led to adopt Combes’s 
view of the formation of anthocyanin by dii’ect svuthesis. 
In Table LXV. are quoted Eose’s interesting analyses of 
the corollas gathered at the four stages in the develoi^ment 
of the flower. 

TABLE LXV, 

UORBrELATION OF SUGARS ANX> AkTHOCYANIN IN FloWEES, 


Stage of Mower of Cohma 
scandens. 


Medncing and Non- 
MeduciTig Sugi 
in CoroUa, 


Glucosides in 
Corolla, 



Fresh 

Weight. 

Dry 

'Weight. 

Fre.sh 

Weight. 

Dry 

Weight. 


Per Cent, 

Per Cent. 

Per Cent. 

Per Cint. 

1. A green closed bud 

0*862 

7*619 

0 

0 

2. Opened, greeriisii-yeliow | 

3. Becoming pigmented, rose 

0-996 

! 10*056 



colour . . 

2*790 

28*880 

'•''■''■.o''''." "■■■ 

0 

4. With violet pigment 

1*298 

14*104 

0*239 

2*613 


* From these figures Rose concludes that the sugars 
increase up to the stage at which the anthocyan pigment 
is formed, and then diminish, whereas it is only in this last 
stage that glucosides are found in the corollas of Goboea 
scandens.^ 

As previously mentioned, Overton noted the destructive 
effect of high temperatures upon anthocyanin in the living 
ceil. This subject has been studied by Fitting (1012) more 
recently. He showed that flowers of ErocUum gnmmm, 
which have an intense blue colour when plucked on a cool 
morning, change through light wine red to a clear rose 
within a few seconds of their being placed under a glass 
shade at a temperature of 40^^ to 42"^. This process is 
reversible, but the return to the original colour takes place 
more slowly. Other genera, such as Geranium, Iris, Yiola, 




■j 
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Agrostemna, exhibit similar changes, though these reac- 
tions are not given by aU flowers. Fitting attributes them 
to dissociation changes, since they are also given in tissues 
killed with chloroform, as well as in aqueous and alcoholic 
extracts. It is very probable that they are due to isomeric 
transformations of the anthooyanin, as suggested by Wili- 
statter m the case of deeolorization by strong alcohol. 

Ihe relation of oxidases to the occurrence of anthocj^anin 
has aheady been discussed at length, so need not be treated 
of here. 

The Obigin and DisTBiBimoN oe Anthocyanins 
IN THE Cell. 

The recent work of Guilliermond (1911, 1913, 1914) upon 
mitochondries has given much precision to the study of 
the cytology of the plant cell in relation to its physiology. 
At the outset it is advisable to consider his terminology. 

ililochondriesii^iro,, a thread; a grain) was the 

name given by Benda to filaments or grains occurring in 
e ce wnch could.be differentiated by special treatment, 
^ough they could also be observed in the livmg ceM. 
They are very mmute organoids, a few thousandths of a 
milhmetre in length, existing as isolated gi-ains~mito- 
chon^ies m the strict sense— or as rows of grains like 
streptococci.; chondriomites. They may also have the 
loim of inore or less elongated sinuous filaments, which are 
termed cf^ondnocontes, and resemble bacilli. Any one of 
these forms may change into any other. The various types 
^ ^ collectively designated the chon- 

bodies 

11 ‘'bromo-, and amylo-plasts, but they 

rdtlirt ' *be elaboration of phenolic substances 
and of anthocyanm. He has traced the successive stages 
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of this process in a number of tissues, such as the epidermis 
of the ilorai leaves of Iris germanica^ in the ieav'e>s of tlic 
rose, of the walnut, in the seedling of Ricinus, and in the 
tuber of the potato. No description can be as illuiiiinating 
as a glance at Guilliermond's (1914, 1) coloured jplates. In 
the rose leaf, however, the sequence is much as follows : 
In very young ceils mitochondries of elongated form are 
visible, and are grouped irregularly round the nucleus. In 
slightly older cells these filaments have become more 
highly refractive, and are considered to contain a phenolic 
substance, which is colourless in the rose, but is sometimes 
of a faint yellow shade in other plants. 

Cells which are still further developed contain a pale 
pink anthocyanin in the mitochondiies, and in the next 
stage the colour is intensified, the filaments are thicker, 
and their ends have become club-shaped. This enlarge- 
ment of the extremities continues, until a constriction in 
the middle severs the connection, as is usual when a drop 
of liquid possesses a length which exceeds the limit of 
stability for the ratio of length to diameter. The droplets 
formed in this mamxer then coalesce, so that the cell is 
largely occupied by one or more deep red vacuoles. The 
raj)id increase in volume of the latter re»suits in the dilu- 
tion of the anthocyanin, so that individually they are of a 
lighter shade, though the macroscopic aj)pearance is un- 
altered, as the total amount of pigment has not varied. 

There is some evidence that the mitochondries themselves 
possess a lipoid membrane supported by an albuminoid 
framework. Various hypotheses have been put forward as 
to their mode of action. Eegaud (1911), for example, con- 
siders that they have a selective action upon certain sub- 
stances elaborated by the protoplasm. This is, after ail, 
only another way of stating the fact , that these substances 
are observed to accumulate within the chondriome. 
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A second hypothesis as to their function has been 
advanced by Mayer and Schoefer (1913) — nametyj that 
these bodies are the seat of the oxidation processes of the 
cell. These authors appear to regard the mitochondries 
as myelin forms — namely, granules or droplets of a lipoid 
nature — and this view is also held by Lowschin (1913). 
Guilliermond, however, considers them to be organoids of 
the cell which are of universal occurrence. It would be 
foreign to the purpose of the present chapter to discuss 
this vexed question fully. 

Ebview oe Theobies of Anthocyanin Formation. 
The numerous researches upon the formation of the 
anthocyanins may be roughly divided into three groups : 

1. The purely chemical investigations of Willstatter and 
his school. These have shown that Wheldale was correct 
in regarding the anthocyanins ds related to the havones. 

2. The researches of a biochemical nature upon the 
relationship between the distribution of complete per- 
oxidase systems and of anthocyanins. 

3. Physiological investigations upon the factors influ- 
encing the production of anthocyanin. 

{a) Willtsatter has shown that a number of the antho- 
cyanins are glucosides of various bodies isomeric with the 
flavones. Hydrolysis removes the sugar, giving rise to 
anthocyanidins. One of these — cyanin — he has obtained 
ill small quantity by the reduction of quercetin. The main 
product, however, is allocyanidin, isomeric with cyanidin, 
but differing in the fact that in it the pyrone ring is opened. 

Wheldale has investigated the red and magenta antho- 
cyanins of Antirrhinum, which arise from apigenin or 
liiteolin. These have higher molecular weights and a higher 
percentage of oxygen than have the jiarent flavones. They 
are not glucosides, and appear to be more complex than 
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fche pigmente of this class studied by Wills 
are accordingly regarded as oxidation and 

products. 

(b) The production of dark-coloured substai 
plant-tissues or in expressed sap is undoubted 

UiCtioil of Ell CllZVIllfii-fivsif.An') 


there appears to bo no direct 
pioot that oxidases are concerned in the production of the 
anthocyan pigments, inasmuch as a precursor of antho- 
cyanin has not as yet been converted into this pigment bv 
the action of added enzyme. Of indirect evidence there 
IS, on the other hand, a considerable amount. Thus, the 
very pneral parallel between intensity of oxidase action 
and depth of pigmentation may be considered to be a 
weighty argument for this view, even though the distribu- 
tion of chromogen is the main factor limiting the occur- 
rence of anthoeyanin. To this parallel there are exceptions, 
notably in the genus Iris, so it cannot be taken as eon- 
elusive evidence. 

The presence of areas free from anthoeyanin in tissues, in 
which it is elsewhere abundant, has often been described. 
The localization of an inhibitor of oxidase action in such 
areas furnishes to the liter’s mind the most convincing 
of the proofs as yet available that oxidases are concerned 
in the processes leading to the formation of this pigment, 

(c) The physiological and biochemical investigations 
upon the occurrence of anthoeyanin and large quantities 
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Kow, since direct chemical evidence shows that in some 
cases, at least, a flavone when reduced gives an antho- 
cjanidin, and this unites with ,a sugar to yield an antho- 
cyanin, it appears that the peroxidase-sj^stem can have 
nothing to do with the origin of the pigment. Such a view 
cannot, however, be accepted wdthout careful consideration, 
for the relation between the absence of anthocyanin 
and the presence of an inhibitor of oxidase action is very 
striking. The anthocyanin of Antirrhinum, also, is too 
complex a body to be accounted for by simple reduction. 

The third series of researches, those upon the abundance 
of sugar in cells which form anthocyanin, seems, however, 
to indicate what appears to the writer to be an explanation 
of the conflicting evidence. Paliadin has pointed out that 
tissues richly supplied with sugar become richer both in 
oxidizing enzyme and in chromogen. Thus, since antho- 
cyanins have been shown to arise in tissues with a similar 
abundance of sugars, it may well be that the coexistence 
of oxidase and of anthocj^-anin in the same cell is due 
to the fact that abundance of sugar favours the forma- 
tion of both, and need not involve the production of the 
pigment by the enzyme-system. Indeed, if the latter 
is concerned in the respiration of sugars, the production 
of the enzyme in quantity when its substrate is present 
in large amount is quite in keeping with the behaviour 
of cells wdth regard to other enzymes, and offers a sufficient 
explanation of the function of the oxidase. Such a view, 
however, leaves out of account the known facts with regard 
to the distribution of anthocyanin and inhibitor. 

The following suggestion is here offered in a tentative 
manner as an endeavour to correlate the evidence fur- 
nished by the^two lines of research. Palladia (1908, 1, 2) 
in his earher papers 'conceived of plant respiration as a 
taking in of oxygen by a readily oxidizable substance, 
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Thfkte peroxide, 

utilized for the oxidation of its oxygen 

by the protoplasm M ^ substance elaborated 

brought for^Pard^heView^Lrth?^^ 

such as glucose is TT 7 , ^ 

pigment, reducino- it to a ®°“ r]nes inth a respiratory 
following aerobte staS the 

are shown in the follormg eq^SfuT^' 

1- Anaerobic stage; 

2‘5i"*+™=°+S, . ■ -™.+™h.. 

2- Aerobio stage: 

I2BH2+ 602= 12H2O-M2B, 

_ According to this scheme, alcohol if formerlK,^ 

.. oxidized further, Aa show iy Were! nortwr 
action of respiratory enzymes nef./„ V . 
doetiou of aleohel. fe, i. ,he .padix of .XiS h7f """i 

gi|;.:rv.“rtois^^ 

~ St" 

(«) C,Hi 206 + 6H,0+6C„^„0,=6C0,+ 6C,sHiA. 

(h) OisHi^Oy-HaO^CigHjoOg. 

Cyanidin. 

umon of the reduced Woe Jh X 1 

eymu, the productiou of oyMddfa by dhrupffiou of « w 
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being possibly a stage in the reaction. Since equation 1 
is probably brought about by a respiratory enzyme, it 
may be seen that the same process involves a reduction 
of one substance and an oxidation of another. Accord- 
ingly the result is obtained that an oxidizing enzyme is 
concerned in the reducing processes leading to the produc- 
tion of antliocyanin. The writer is of course aware that 
the peroxidase-sj^'stem may have nothing to do with the 
appearance of the pigment, and that, even if it is con- 
cerned in its formation, the scheme outlined here may be 
quite erroneous. It is put forward merely as appearing 
to combine into a coherent whole the results obtained by 
diverse lines of research.^/ 

Provisiokal Classieicatiok op Plant Pigments. 

Before leaving the very complex subject of plant pig- 
ments, it may be of interest to quote an outline classifica- 
tion recently suggested by Keeble, Armstrong, and Jones 
(1913, 3). Detailed accounts of the plastid pigm.ents may 
be found in Czapek’s “ Biochemie der Pflanzen/^ and in 
Willstatter and StolFs “ Untersuchungen fiber Chloro- 
phyll/^ 


1. Plastid pigments: 

(а) Chlorophyli j)igments contain (Mg and) . . C, H, 0, N. 

(б) Carrotin contains . . . . . . . . 0, H. 

(c) Xanthophyii (oxidized carrotin) contains C, H, 0, 

2. Sap-soluble pigments: 

(a) Yellow. Hydroxyflavone giucosides, or 

derivatives thereof, contain . . . . C, H, 0. 

(/;) Bed-— of wallflower. Hydroxyflavone 

giuooside derivatives contain . , . , 0, H, 0. 

(c) Bed and brown — e.p., of plum. Sub- 
stances produced by the oxidation of 
phenols in presence of amino-acids con- 
tain .. 


Note.— W illstatter and ^echmeistor (1914) have since succeeded 
in synthesizing pelargonidin. 


CHAPTER XIV 

THE OXIDASES IN RELATION TO PLANT PATHOLOGY 
AND TO TECHNOLOGY. 

SECTION l.~P£ANT PATHOLOGY 
Disease oe the Muleeeey Leaf. 

Since uiion the death of the protoplasm oxidases act 
without the restraints to which they are subjected during 
Its life, It might well be supposed that conditions un- 
tayoimable to the normal metabolism of the cell might re- 
sult in increased oxidase activity. This has been found 
true in a number of instances. Eor example, it had been 
observed that, when mulberry-trees were cut back too 
frequently, an abnormal yellow colour and crinkled appear- 
ance resulted in the leaves. Suzuki (1900), investigating 
this, found that an excessive production of oxidases had 
taken place in such areas. He attributed this to the lack 
of proper nutrition of the rapidly growing tissues. 

The Mosaic Disease oe Tobacco Plants and 
THE Potato Lbae-Roll Disease. 

Much the same phenomena were observed by Woods 
(1902) in the mosaic disease ” of tobacco plants which 
had been cut back. He also demonstrated that the 
condition was rendered more acute by the application 
of certain manures which increase the rate of growth, 
and adduced reasons for the belief that the excess of 

293 , 
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oxidases interfered with the action of diastases in the 
plant. With this view as to the canse of the injurious 
syinptonis, Pozzi-Escot (1905) expressed agreement, and 
Boby ( 1012)5 in the course of an investigation on the potato 
leaf-roll disease, found that oxidases, both of the iaccase 
and tyrosinase classes, were present in abnormal quan- 
tities in the diseased tissues. 

Allard (1915) has, however, shown that it is possible to 
induce the disease in healthy plants by inoculating them 
with the sap pressed from those w^hich are affected. 
Furthermore, dilution of the sap up to 1 part in 10,000 of 
water did not entirely stop transmission of the disease. 
Thus it appears certain that the excess of oxidases is a 
pathological symptom of the mosaic disease of tobacco — 
and by analogy of the mulberry leaf disease — ^rather than 
a primary cause. *An organism causing the infection has 
not been discovered as yet. 

The “ Ourly-Top ’’ Disease op the Sugar 
Beet. 

Recentty Bunzel also (1913) has investigated the oxidase 
content of normal leaves of the sugar beet, and of those 
affected with the “ ctirly-top ” disease. This had been 
studied by Townsend (1908) and by Shaw (1910), and has 
been described by the latter as resulting in “ an inward 
curling of the leaves, a distortion of the veins of the affected 
leaves, hairy roots, and checked growth.^’ Heavy losses 
are occasioned by it both by reason of the stunting of the 
growth and of the prevention of seed production. Its 
cause was and has remained quite unknown, though it 
was shown by Ball (1911) that it develops after the bite of 
an insect, the curly-top leaf hojiper {Eutettix tenella), 
BunzeFs careful investigation into its sym|>toms, as 
revealed by a vary elaborate series of measurements upon 
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the oxidases present in the various organs both of healthy 
and diseased plants, has brought to light the remarkable 
tact that oxidases are present in the leaves of the latter 
in from two to three times as great quantities as they are 
in the former. The measurements were oairied out upon 
the sap pressed from the tissues through a piece of raw 
silk. They are therefore open to error owing to the fact 
that the protoplasm of the cells acts as a semi-permeable 
membrane during pressing, as shown by Dixon and Atkins 
(1J13, 1). The errors thus introduced are, however, well 
within the range of the large variations found by Buimel, 
and could be completely avoided by previous freezing of 
the tissues in liquid air. 

The oxidase determinations were carried out with the 
apparatus previously described (see p. 243), and the 
results are expressed in terms of the unit adopted in 
testing the method — viz., an oxidase solution of such a 
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TABLE LXVII. 

Juice pkessed ebom Labge Leaves of Healthy Beet Plants at 
Vabious Times. 


Colieeted at sunrise, 6.10 a.m. 
„ sunset, 7.15 p.m. 

„ 6 a.m. 

„ 9.30 a.m. 

„ 2.45 p.m. . . 


: Oxidase Uniis. 

1 

Plant A. 

1 Plant B. 

RxiOO 

J" • 

0-259 

0-255 


0-4(i8 ; 

0-453 

■ ■ . , 

0-255 1 

0-266 

2-59 

0-259 , 1 

0-266 

2-22 

0-319 ! 

0-288 I 

2-00 


These results apparently point to a considerable increase 
in the amount of oxidase during the period of illumination. 

Bunzel, however, has pointed out that, when calculated 
on a basis of the total solids in the tissue yielding the sa^i, 
the oxidases are seen to fall oif to about four-fifths of their 

former value, as shown in the column under 

where E denotes oxidase units and J represents the total 
solids in the samples. This, it must be remarked, seems to 
the writer to give an exaggerated idea of the actual decrease ; 
for though Bunzel intends the ratio to give a measure of 
the amount of the net loss of water by trausijiration, in 
reality it points to an erroneous value, since the total 
solids are altered not only by this, but by storage of the 
sucrose assimilated as shown in Bunzel’s own analyses. 
Nevertheless, there is no doubt that this does not invali- 
date Bunzel’s eonclusion. In the first two experiments 
in the preceding table, chemical analyses of the tissue 
were not performed, hut it seems hkely that the apparent 
increase in oxidase is to be accounted for by excessive 
transpiration in their ease also. 
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■ -lABLE LXVm. ' 

^nxc. P«.ss.x> .bob: Dx™.. P.hts o. . Sxxxo.. Hba.th. I>x.uxx 

Roote, lower half.. 0.rSda^e Dnits. 

Boots, upxier half j ; 

Stem .. ** •• 0*144 

Pedicels and midribs of leaves.'.’ " " n.‘?2q 

®'sterlfSs,“'.' -“e 

results seem to indicate that oxidase 
the oj ® *liose portions of the plant in which 

thejells are young, and the vacuoles, as a consequence, are 

Having quantitatively examined the oxidase content 

dLT H “ion to 

p^nts suflermg from curly-top, and to those xvhich 

w®e, from drought or unknown causes, stunted in 
their growth. Some of his results a, re sLn«rr, +i,„ 
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TABLE LXIX, 

Juice from Plafts suffsbifc fbom Cubly-Top. 


DiHoased curly-top leaves, insect-injured. . 

Large healthy control loaves, from same plants . . 
Roots from same plants 


Oxidase Units. 


August 23 . 


August 22. 


0-3S1 I 0*aS8 
0-191 ; 0*144 

0*252 I 0*187 


TABLE LXX. 

Juice peom Stunted Plants, not infected, and from 
JSTormal 'Control Plants. 



Oxidase Units. 


stunted. 

Formal, 

Leaves . . , . . . . . . . 

0*367 

0*201 

Upper half of root . . 

0*086 

0*172 

Lower half of root . . 

0*158 

0*288 


TABLE LXXL 

Juice from Curly-Top Plants, both Formal and ''Trotzer/' and 
FROM Healthy '‘Trotzer’' Plaints. 


Leaves 
Roots . . 


Oxidase Units. 


Diseased 

‘ Trotsser.” 

Healtliy 
“ Troteer." 

Diseased 

Normal. 

August 3, 

August -Si 

August 5, 

August 7, 
Noon. 

S a,m. 

S* a.m. 

S a.m. 

0-496 

0-446 

i 

0*446 

0*403 

. 0-216 , 

0-i83 

0*237 

0*324 
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composition. It has been suggested by Biinzel that plants 
with an excess of oxidase are in a condition of “ fever.’® 
'It must, however, be borne in mind that' BunzeFs deter-' 
minations are in reality measurements of the peroxide con- 
stituent of the complete oxidase system, since they are 
based upon the absoiiDtion of oxygen through the direct 
action of the juice on |)yrogailol without the addition of 
hydrogen peroxide. Whether they really indicate differ- 
ences in the absolute amount of enzyme, or are explicable 
by variations in the amount of peroxide or even of inhibitor, 
is undoubtedly of great interest, but must be considered as 
being only of secondary importance as compared with the 
fact that the absorption of oxygen is far greater in the 
diseased and stunted plants than in the normal. 

Oxidases in Healthy and Cdely-Dwaef Potatoes. 

Under the above heading Bunzel (1914) has published 
another elaborate comparative .study of plant tissues, 
normal and pathological. The' plan of the investigation 
was very similar to that on the beet, but a great variety 
of oxidizable materials, eighteen in ail, was employed. It 
was found that the oxidase activity of the sap pressed from 
the foliage of normally developing potato plants is greatest 
in the early stages of development. It falls off with growth 
of the xilants, and rises again wten growth has about 
attained to its maximum. Curiy-dwarf potatoes were 
shown to possess a greater degree of oxidase activity than 
healthy ones of the same age, both in the juice of tubers 
and of foliage. The numerical results of the original paper 
are clearly shown in grajihs, but need not be considered in. 
detail here, as the method has already been sufficiently 
illustrated. 

The significance of such changes in oxidase activity is 
most probably due to the importance of this class of enzyme 
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in the respiration of the cell. Palladiii’s theory of the 
mechanism of respiration has already been briefly alluded 
to in a previous section. Though a discussion of the 
recent work on this subject would be of great interest, it 
is omitted here, both on account of the large proportions 
which it has assumed, involving as it does many questions 
of a chemical nature, and because the writer’s acquaintance 
with it is not based on laboratory experience. 

SECTION IL—THE BEARING OF OXIDASE INVESTIGATIONS 
ON TEGHNOLOGY. 

Lacquer Industry. 

In addition to the interest of oxidase study for the silk 
and sugar industries mentioned in the last section, there 
are several other more direct applications. The researches 
of Yoshida in 1883 shelved that an oxidase was concerned 
in the production of the well-known black varnish obtained 
from the milk-Hke sap of the lac-tree, Elms vernicifera, and 
allied species. He obtained from the sap an acid — urushic 
acid — which, when oxidized by the enzyme, becomes black 
and forms the basis of the varnish which is so much used 
in China and Japan. Eleven years later Bertrand con- 
firmed and extended Yoshida ’s work, giving the name 
laccase ” to the enzyme, and pointing out the relation- 
ship of urushic acid to the hydroxy-derivatives of the 
benzene series. 

Tea and Cocoa Trade. 

In the preparation of tea, also, an oxidase has been proved 
by Mann to play an important part. In green tea the leaf 
is roasted immediately after picking, before any appreciable 
oxidation takes place. In black tea, on the other hand, 
an oxidation of the tannin is effected by an oxidase of the 
laccase class, resulting in the production of a soluble brown 
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LSzS T. dependent on the amount of 

cessi rf xir • ^ regulating the different pro- 

Ihe te. n r“f; " oxidation, the qualities of 

' tea may be altered mthin limits. All the operations 

to^Iid uT *be utmost cleanliness 

Xo. i T far as possible, as such 

s'^umptiom rendering the tea unfit for con- 

In the procuring of cocoa beans, too, fermentation pro- 
esses are involved which loosen the seeds in the fruit In 

these stages yeasts and acetie-acid-produeing bacteria are 

active Oxidases are also at work both during the fer- 
mentation and subsequent drying, as shown by Loew the 
change from the violet colour of the fresh bean to a deep 
brown being due to their agency. 

Tobacco Tbade. 

The curing of tobacco again involves a fermentation. 
Ihe leaves, after a preliminary withering, are “ sweated ” 
in moderate-sized heaps, and fermented in very large heaps 
contaimng many tons. It was at one time thought that 
this was a bacterial process, but, owing to the work of Loew 
and other American chemists, it has been shown to be 
mainly one of respiration of starch, sugars, and tannin 
brought about by oxidases in conjunction with hydrolytic 
enzymes. Boekhout and De Vries ( 1909 ) are, however', of 
the opinion that some of these changes are due to oxida- 
tion without the intervention of an enzynie. 

Timber Trade. 

Another instance of the importance of oxidases in com- 
merce is that of the blemish known as “ sap stain ” in ' 
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lumber, by which considerable portions of the wood of 
certain trees, -when exposed to the air by sawing into 
planks or beams, -were discoloured, and so depreciated in 
value considerably. It has been demonstrated by Bailey 
(1910) that this alteration is brought about by an oxidase. 

Geneeal Ageicultheb. 

The preparation of ensilage has been investigated by 
Russell within the last few years. He studied the changes 
taking place in green maize stems packed closely together to 
form a “ silo.” Bacterial action sets in, and also action of 
the respiratory oxidases and other enzymes of the plant 
cells. So large an amount of heat is generated by the 
oxidases that the temperature rises to such a degree''as to 
inhibit further bacterial growth. The hydrolytic and pro- 
teolytic enzj^mes still retain their activity, however, and a 
complicated series of changes ensues, in which organic acids 
appear among the products. 

the o-^idizing power of healthy 
apple bark, and of that injured by Illinois canker, and has found the 
latter to be the more active. It also has a smaUer amount of acid. He 
considers that oxidation takes place in approximately the inverse ratio 
of the acidity. The slowing down of oxidation in Bunzeks apparatus 
IS due to accxijimiation of acids. 

In the writer's opinion the effect of the acidity or alkalinity of the 
me*nin is to, alter the configuration of the molecule of the sugfr, ehro ’ 
thp“i other substrate. Mathews and Walker (1909) have shown how 
the oxidation of cystein is affected by the acidity of the medium, and in 
conjunction with others Mathews has studied L subject extosfoMy 
E. A. H trnei^ too, has proved that the configuration of the thioearfaamfoo 
molecule is altered by the acidity or alkalinity of the medium • a number 

In one configuration a molecule is often more reactive than in another 
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